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INTRODUCTION

This report documents a helicopter maneuverability and agility (M/A) study
conducted by Sikorsky Afrcraft for the U.S. Army Aviation Applied Technology
Directorate {AATD). Four major act{vities were undertaken in this effort.

First, detairled, free-flying GenHel computer simulatfion models of efight
helicopters were created and flown through nine different maneuvers to assess
thelir capabilities. Six of thase afrcraft (UH-60A, AH-64A, AH-1S, OH-58A,
S-76A, SA-365N) had participated {n U.S. Army Alr-to-Alir Combat Tests while
two (M{-28, CH-53E) were included because of rslevance to this study. The
nine maneuvers invest{gated vere a hovsr bob-up, scceleration from hover to 80
knots, deceleration from 80 knots to hover, 80 knot steady turn, 80 knot
steady climb, decelerating turns at 80 and 130 knmots, 140 knot symmetrical
pull-up and a 180 degree hover turn. Thsss data wers analyzed to show ths
sensicivities cf various design attributes on maneuverabi{li{ty and agi{lity and
to see if previously defined guidelines we-e appropriate.

Second, selected encounters from the AACT terts vere analyzed to datermine how
the pilots maneuvered to galn advantage during the engagements and when firing
opportunities were achieved.

The third task was the development of a scuring and M/A rating schewe for the
simulation maneuvers and a scoring scheme for the AACT engagements.

The final activity vas a correlation of the GenHsl sisulation rssults and AACT
data to determina {f the simulation predictions of M/A capabllity wvere veri-
fied by ths AACT flight test data.

An overview of this correlation study {s pressnted schsmatically in Flgurs 1.

N

Historically, helicopters have been used for transport and general utility by
the armed services. In the Vistnaz sra, helicoptsr usage expanded grsatly to
include arsed reconnaissance and ground attsck missions. Current rocorcraft
operations involve flight in Hap-of-the-Earth (NOE} conditions and i{nvolvement
in both alr-to-ground and air-to-air combat. As a rssult, ths requireasnts
for hslicoptsr maneuvsrabilicy and agility (M/A) have significantly incrsassd.
Thsrs {s a need thsrefore, to havs a msthodology which both dsfinss the M/A
characteristics of sxisting helicoptere and prsdicts thoes of nev designs,

Definition of Mapeuverab{licy and Agilicy (M/3)

Bsfors procssding any further it {s appropriats to dafine ths terms mansuver:
ability and agilicy ae ussd in this rsport. dansuvsrablility is dsfined as the
ab{lity to change the aircraft flight path by application of forces from the
main rotor, tail roter or other control devicss. Agility is defined as how
quickly ths aircraft flight path can bs changed.
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For our purposes, such broad definitions need to be quantified In an easily
measurable way. This is done by flying computer simulation models cf various
aircraft through a set of predefined maneuvers. This then relates M/A to
parameters such as load factor or turn rate that are easily measured. It
should be noted that maneuverability and agility are to some extent comple-
mentary. That s, those things which improve maneuverability such as more
blade area or increased disk area tend to inzraase the size and waight of tha
helicopter and degrade agility. This is not to say, however, that changes
vhich improve maneuverability always degrade agility. For example, engine
power can frequently ba Increasad without any change to the size or weight of
the engine. In this case, both apgility and maneuverability have been
improved.

Importapce of M/A in Moderp Rotorcrafs

In tha past, helicopter design has focused on such attributes as hover climb
performance and gross weight capability, maximum level flight speed, payload/
range and other such performance measures. Maneuverability and agllity was a
fallout of the design process. This was due to two factors. The first was a
lack of requirements or specifications for M/A and the second was lack of any
industry standard metrics for defining these characteristics

However, there are many activities in which the helicopter s engaged which
depend critically on M/A for success. After Vietnam, the value of the heli-
copter as a gun platform and its use In ground attack were well established.
In addition, the requirement to repulse large ammor attacks in the European
theater led to the development of specialized auti-tank missions. And since
no tactical commander would allow his armor to be attacked with impunity,
air-vo-alr missions were developed. The widespread use of helicopters in the
battlefield and thelr importance to the overall effort insure that air-to-air
combat will be a significant part of I .ture helicopter operations.

Intelligence gathering continues to be a major activity,and the armed scout
helicopter is an ipportant asset. The advent of sorhisticated airborne
sensors u«nd availability of satellite communication and navigation have
expanded the capabilities of the scout helicopter enormously. Even the
oundane but important process of providing helicopter transport for supplies
and troops has become mora difficult due to the availability of lightweight,
shoulder-fired anti-aircraft missiles, All of these activities point out tha
need for increased levels of M/A in modern rotorcraft. The questions cthis
report will address are how maneuverability and agility can be measured and
what are the values for current U.S5. Army helicopters.

view A v /

In 1988, Sikorsky conducted, under contract to AATD, a Helicopter Maneuver-
abllity and Aglility Design Sensitivity Analysis covering Design Cuidelines,
Air-to-Air Simulation Methodology, and Weight Methodology. These were subsa-
quently documented In References 1, 2 and 3, respectively. Hereafter, that
effort will be designated as the M/A Phase I Scudy.




The M/A Phase I Study quantified the wmeasurement of maneuverability and
agility for helicopters. The approach taken in that study was as follows:

A baseline aircraft of 10,000 pounds gross welght was selected. Slkorsky's
GenHel computer simulation model of the alrcraft was then flown through a
serles of maneuvers, Parameters such as tip speed, disk loading, blade
loading, power avallable, hinge-offset and gross weight were varied indi-
vidually and rthe maneuvers reflown. These data were then analyzed to deter-
wine two metrics. The first was a reasonable measure-of-effectiveness (MOE)
for each maneuver. The second was » normalizing or "fundamental®™ parameter
that would collapse the parametric results onto 4 single line. This activity
led to the creation of the fundamental parameter charts, an axampla of which
is shown in Figure 2. This chart is for a 130-knot decelerating turn, The
MOE {s turn rate, in degries-per-second. The fundamental parameter i3 the
fiormalized blede loading margin. This 1is defined as the wmaximum CT/sigma
avallable at 130 knots winus the trim value, the resultant normalized by the
trim value, As can be seen, variations in blade lcading (BL), disk loading
(DL), tip speed (TS), Lock number (LN) and twist (TW) all have the same effect
on trim or maximum CT/¢ and therefore all can *c nurmalized by this fundamen-
tal paramoter.

The second part of that study addressed the weight sensitivity assoclated with
the parametric variations discussed above. The purpose was to determine’ the
impact of lmproved M/A on alrcraft empty weight. These varlations in waight
were then plotted against the changes In the MOE as shown in Figure 3. Of
importance is the slopes of these lines; 1.e., which parameter change would
produce the greatest lmprovement in the MOE for the least weight. In the
exatple shown, it can be seen that increased disk lnading both reduces weight
and increases the turn rate. However, disk loading is bounded by other con-
straints, so decreased blade load.ng is snother way to ilmprove turn rate,

The third part of the M/A Phase 1 study involved analyzing Alr-to-Alr Combat
Test (AACT) data to determine when firing windows occurred. Thia task was
done using a computer program to define wvhen firing windows were achleved.
The AACT data were analyzed to cetermine the range between the two alrcraft
and the angle between the attack alrcraft boresight and the center of the
victim alrcraft. If the range was less than 1500 meters and the angle less
than three degrees, the attack aircraft was considered to have a firing
“"window“. The time that these conditions were maintained wvas also recorded.
It was clear after the study was completed that some method of visualizing the
encounters was required. This was subsequently addressed during the Phase
IT Study. The centrel iasue was what maneuvering capability was resgonsible
for achievement of a firing opportunity.

The conclusion of the Phase 1 study was that the design approach for improving
maneuverability and agllity depends on the relative i{mportance of the individ-
ual maneuvers investigatad. There is no generalized design method that will
saximize all maneuvers. Spaclfic design guldelines can be formulated for each
asneuver independently, but these will not be the same for all maneuvers and
will frequently conflict. Increased power, lowver blade loading and reduced
Lock number are the most welght effective options for lmproving overall
maneuverabilicy and agility characteristics.
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Figura &4 shows a summery chart extrected from Reference 1. It shows that
{mproving manauverability in the low.speed range emphasizea different deaign
parametere than those required for high-apeed improvement. Low-apeed maneu-
verability is primerily dependent on those parametera that affect power while
high speed ia dominated by rotor thrust capebility. In the mid-apeed (powver
bucket) regime, both power-limited and thrust-limited cepabilities need to be
matched.

At the end of the M/A Phase I study it wes concluded that a number of other
issues needed to be addressed. One was whether or not this methodology was
applicable to a wide variety of rotorcraft, rather than parametric variationa
of a aingle design. Another issue was the correlation between theae analyti-
cal results and flight test data. Finding anavers to theae questions formu-
latad the basia for the M/A correlation study documanted in thia report.

QVERVIEV OF THIS CORRELATION STUDY

The Helicopter Maneuverability and Agility Design Sensitivity and AACT Deta
Correlation Analysis documented in this report is a follow-on to the M/A Phase
1 Study and will be denoted herein as the M/A Phase II Study. This effort vas
almed at expanding vhe Phase 1 activities. The overall goal was to devisa a
quantitative M/A rating scheme and then verify its correctness by using tha
AACT data.

The first part involved creating CenHel Simulation models of the various
aircraft that participated in the AACT testa and flying them through the Phzse
1 maneuvera., These included the UH-60A, AH-64A, AH-15, OH-58BA, S-76A and
SA-365N. Sinca the GanHel simulation of tha CH-53E alraady aexistad, it was
added to the study to avaluata haavy lift helicopter M/A. A contract modifi-
cation was exercised to add the Soviet Mi-28 HAVOC to tha study, draving on
unclassified data from various sources, to create a CerHel simulation. The
results were plotted on the fundamental parameter charts to sea 1f the funda-
mental (or normalizing) parameter would "collapse”™ tha data for a wide variety
of aircraft types along the already established Phase 1 trand curvas,

The second part involved automation of the firing window analysis so that data
frem the AACT activicies could be presented graphically. The third major part
was the development of a scoring scheme for tha simulation results and a
scoring schema for the AACT encounters.

The last part was a correlation of the first two using the scoring methodol-
Ogy.

Esch part of this study represanted a significant effort. Detailed and
comprehensive fraa-flight computer simulation models of all the non-Sikorsky
aircraft wvere craated and validated against avallabla flight tast data. For
most aircraft, the modeling data were taken from C-81 input listings provided
as government furnished Iinformation (CFI). These data had to be raorganized
to fit the GenHel input fermat. After validaiion, the simulations were flown
through the previcusly defined nine M/A maneuvers using a softwara maneuver
controller. This assured consistency in the way naneuvers were performed
amongst tha various helicopters. In addition, the maneuvers were constrained
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by variety of realistic operational limitations to add fidelity to the re-
aults. Next, the fundamental parameters had to be calculated and the
fundamental parameter charts created. These fundamental parameter charts are
then really quite profound. Each point, representing one helicopter, is the
culmination of an extensive modeling, validation and evaluation process.

In the second major part of this study, the AACT data were processed through a
variety of axis transformations and then through a firing window analysis
code, In addition to predicting when nne aircraft was within the firing
window of the other, the specific parameters (range, angular error, time in
window) were also available. Finally, a display driver was set up to operate
in the work station environment, Thia allowed graphical display playback of
any of the AACT data. The dsta could be viewed in raal time, slowed down,
speeded up, or atopped. Views out of either cockpit, from above, or from an
arbitrary point in combat space could be displayed. This allowed analysis of
the maneuvering sequence prior to gainirg a firing window.

The third part of this study was the development of scoring schemes for the
simulated maneuvers and the AACT engagements. For the aimulated maneuvers,
the result for each maneuver was converted to a numerical score. The average
score fir the nine maneuvers was taken to be the basic M/A rating. However,
different mission elemencs emphasize different maneuvers. For example, NOE
flight would be dominated by the chacacteristics found in the hover bob-up,
hover turn, and accelerations to and decelerations from 80 knots. On the
otner hand, air-to-air combat would be affected most by the characteristics
shown in the 140 knot pull-up or the 130 snd 80 knot decelersting turn.
Therefore, to account for this, scores for each maneuver were multiplied by
weighing factors for air-to-ai. (ATA), alr-to-ground (ATG), nap-of-the-esrth
(NOE), and contour (CON) mission types. The average of the scores in each
category wvas taken as the M/A rating for that mission type.

Scoring of the AACT tests was based on using the available data from the
firing window analysis program - time in window, angular error and rsnge., A
scheme Jsas devised to award points to the attack aircraft based on these
parameters and calculate an overall score as the sum of each afrcraft's
points.

The fourth part of this study was a correlation of the simulated maneuver
resulta and the AACT flight tests using the scores generated in the manner
disclosed above. The estimcted ATA capability was calculated by taking the
percentage ratio of each helicopter’s M/A ATA rating to the total for the two
aircraft. For example, the UH-60A hss an ATA M/A racting of 79.0 vhile tha
$-76 has a rating of 34.8. The esticated results of air-to-air combat would
be 69.4 percent (79.0/(79.0 + 34.8)) for the UH-60A and 30.6 percent
(364.8/(79.0 + 34.8)) for the $-T76A. In a like manner, che actual ATA
capability was calculated by taking the perceniage ratio of each helicopter’'s
AACT scores to the total for the two aircrsft. In this case the UH-60A had
scored 121 points and the 5-76 6.3 points for percentage ratios of 95.1 and
4.9, respectively. Correlation was judged by comparing the two sets of
percentages.

Detailed, substantiating data for these activities is provided in Appendixes A
through N.




SIMULATION MODELS
Overvie . of GenHel

Sikorsky’s General Helicopter Flight Dynamics Simulation (GenHel) is a simula-
tion environment that allows the user to easily create models of any
rotorcraft for which sufficient data are avajlable, 1t is important to note
that GenHel is not merely a computer code but a simulation environment. The
major features of GenHel are:

1) Frea-flight, total force, large angle mathematical model. GanHal is pot &
perturbational model, but a complete free-flying analysis. Wind tunnel
and trim modes are also avajlable.

2) Generic, reusable software coded ir modules and maintain.d in a lihrary.
GenHel code {s available to the user through selection of a series of
modules, These modules are coded symbolically and contain no numbeis.
They can be used to model any rotorcraft. These modules ara maintained
in libraries so that the users can not modify them and so that all users
get the same model. Data for each specific aircraft/configuration are
maintained in separate data (or "specific®) files created by the user.
The library has provisions for protocrype modules accessible to the user.
These are maintained in a separate prototype area. The library system is
shown schematically in Figure 5. A typical module breakdown is shown in
Figure &, while an overview is presented graphically in Figure 7.

J) A large array of auxiliary and utility modules are available. 1In addi-
tion to the basic aircraft model, modules are avajilable for external
loads, flexible airframe, deck/zlope landing and mareuver loads. Inter-
fuces are available for CRT terminal, line printer and strip chart
recorder outputs. The rvesulting simulations can be inter 2ced with
Sikorsky's fixed base and moving base simulators for pilotad evaluation.

4y Extensive validation of existing simuletions (UH-60A, S-76A, GH-53E)
against a wide variety of flight test data.

An example of the mathematical model.ng used in GenHe! is documented in
Reference 4.
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Discussion of Afrcraft Hodels
Introduction
The alircraft aalected for this M/A correlation study were:
1) Sikorsky UH-60A BLACK HAWK
2)  Sikorsky S-76A
3) Sikorsky CH-53E Supar Stalllon
4) McDonnell-Douglas AH-64A Apache
5) Bell AH-15 Cobra
6) Ball OH-58A Kiowa
7)  Aerospatiale "A-365N1 Dauphin
8) M1l M1-2. tavocC

All of these alrcraft except the ¢ ,ar Stalllion and HAVOC were involvad in tha
AACT flight evaluations. The CH-J3E was added to represent the heavy wsight
catagory and since a CanHel simulation model of it already existed, this was
easy to implemcnt. The M1-28 simulation was created after that hslicoptsr was
shown at the 1989 Paris Air show. Photographs of tha alrcraft were available
along with other information from tha Soviet delegates. A contract sodifica-
tion was implamantsd to includa tha HAVOC in this study.

Data!led discussions of each of the almulation models are prrovided in Appen-
dixes A to H. These include a briaf history and description of sech alrcrafrt,
discussion of data sources, correlation of GsnHel with flight tsst data and
dstalled numerical CenHel {input data ussd in each helicopter wmodel. Ons
important output of this study is a comprshensivs and consistsnt data base for
all these hellicopters.

For convenisnce the besic data for ths study alrcraft are sumsarizsd in Tabls
1. This providss data on geomstry, rotor speeds and mass propertiss. Derived
parameters such as disk loading., blads loading. control powver, etc., ars
providsd in Table 2. Nots that the UH-60A was svaluatsd at both its AACT tast
veight of 14,685 pounds and its Besic Design Cross Velght (BDCV) of 16,825
pounds. Ths AH-64A wvas handlad in a sisller manner for 1its AACT (16,222
pounds) and BDCW (14,770 pounds) configuretions. Data on the Ki-28 at both
22,984 pounds and 20,000 pounds ars provided, but only ths heavisr case ves
svaluatsd in this atudy. Powsr avallebls data ars providsd in Tebls }. This
shovs ths intsrasdiata rated powst (1RP) for sach sngine, the total IRP powsr
for ths alrcraft, ths main gsarbox liuits on povsr, and the povsr availabls to
ths maln rotor at diffsrsnt airspesds. Note that for the ssa leval standard
conditiona of this study, many of the modern hslicopters vsrs =sain gsarbox
limited and could not use all of the engine powsr avelleble. A drag brsekdown
for ths alrcraft is provided in Appsndix N.
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TABLE 2. DERIVED PARAMETER SUMMARY

ITEM AIRCRAFT

UH-60A AH-64A

(AACT) S-T6A CH-53E (AACT)
Gross Weight, lbs 146385 8925 S€000 16222
Re.erence shp 2828 1300 12339 2784
Disk Loading, lb/ft? 6.49 5.87 11.42 8.96
Blade Loading, 1b/ft? 79.1 78.6 83.7 96.6
Power loading, lb/shp (total) 5.19 6.86 4.54 5.83
MR Tip Speed, fps 724 675 778 726
HR Solidity .0821 .0747 .1365 .0928
Hinge Offset, X 4,66 3.79 6.33 .82
Lock Number .08 8.97 13.57 7.46
Thrust Coefficlent .00521 .00541 .00793 .00715
Roll Control Sensitivity, .937 .760 416 1.607
rad/sec?/deg
Pitch Control Sensitivity, L11) .135 071 .128
rad/sec?/deg
Yaw Sensicivity, .0659 .0874 L0449 .069
rad/sec?/deg
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TABLE 2., DERIVED PARAMETER SUNMARY (Cont'd)

ITEM AIRCRAFT

OH-58A AH-1S SA-365N Mi-28
Gross Welight, lbs 2790 9620 8750 22984
Reference shp 420 1290 1372 4400
Disk Loading, lb/fr2 2.83 6.33 7.27 9.15
Blade Loading, lb/ft? 73.0 87.5 88.5 81.5
Power Loading, 1b/shp (total) 6.64 7.46 6.38 5,22
MR Tip Speed, fps 657 146 717 715
MR Solidity .0388 .0723 .0822 .1128
Hinge Offset, X 0 0 3.83 5.50
Lock Number 4.30 5.76 7.83 12.92
Thrust Coefficient .00276 .00478 . 00596 .00757
Roll Control Sensitivicy, .501 409 .749 455
rad/sec?/deg
Pitch Contrel Sensitivity, . 107 .100 133 .090
rad/sec?/deg
Yaw Control Sensitivity, -1035 .0802 .106 . 0489

tad/seci/deg
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TABLE 2. DERIVED PARAMETER SUMMARY (Cont'd)

ITEM AIRCRAFT
UH-60A AH-64A Mi-28
(BDGW) (BDGW) (A/A)
Gross Weight, lbs 16825 14770 20000
Reference shp 2828 2784 4400
Disk Loading, lb/ft2 7.44 8.16 7.96
Blade Loading, 1lb/fr2 90.6 87.9 70.9
Pcwer Loading, lb/shp (total) 5.95 5.31 4.55
MR Tip speed, fps 7124 1256 715
MR Solidity .0821 .0928 L1128
Hinge Offset, X 4.66 3.82 5.50
Lock Number 8.0 7.46 12.92
Thrust Coefficient .00596 .00651 .00658
Roll Control Sensitivity, .825 2.064 .481
rad/sec/deg
Pitch Control Sensitivity, .105 .135 .093¢6
rad/sec/?
Yaw Control Sensitivity,
rad/sec?/deg .0583 L0775 .0546
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TABLE 3,

MAIN ROTOR POWER AVAILABLE SUMMARY

ITEM UH-60A AH- 64A 5-76A AH-15
Engine T700-GE-700 T700-GE-701 T250-C30 T53-L-703
IRP Power 1622 1698 650 1800
Available (30 min)
Times No. of Engines 3244 3396 1300 1800
MGB Limit (30 min) 2828 2784 1352 1290
Ref. SHP 2828 2784 1300 1290
MR SHP Available
Hover (0.840) 2376 2339 1092 1084
40 kts (0.887) 2508 2469 1153 1144
80 kts (0.920) 2602 2561 1196 1187
140 kts (0.927) 2622 2581 1205 1196
ITEM CH-53E OH-58A SA-365K-1 Mi.-28
Engine T64-GE-416 T63-A-700 Arrial 1-C Isotov
TV3-117
IRP Power 4113 420 686 2650
Available (30 min)
Times No. of Engines 12,339 420 1332 5300
MGB Limit (30 min) 11,174 .- “ees 4400
Ref SHP 12,339 420 1372 4400
MR SHP Available
Hover (0.840) 10,281 353 1152 3696
40 kts (0.887) 10,856 173 1217 3903
80 kts (0.920) 11,260 386 1262 4048
140 kes (0.927) 11,346 189 1272 4079
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Alrcraft Comparisons

In order to study the !/A characteristics of thesa eight helicoptera, it {a
necessary to understand how the alrcraft compare to one another, not only in
their basic attributes such as groas weight or rotor radius but also in their
classical design parameters such as disk loading, solidity and control power.

The alrcraft studied were all single-rotor helicopters which are in current
use. They range in gross weight from 2790 pounds for the OH-58A to 56,000
pounds for the CH-53E (Figure 8), In api“e of a factor of 20 difference in
gross welght, rotor radii only varied by a factor of 2.2 when the 17.7 feet of
the Kiowa 1s compared to the 39.5 feet of the Super Stallion (Figure 9).
Available horsepower, on the other hand, varied by & factor of 30 (420 shp
OH-58, 12339 shp CH-53E) as shown In Figure 10. Maln rotor tip speeds (Figure
11) are all around 700 feet per second (657 for OH-58A, 778 for CH-53E at 105
percent). Several types of rotors are represented, ranging from the teetering
types of the BRell aircraft to the starflex rotor on the Dauphin., The
Sikorsky, McDonnell Douglas, and Mil designs employ conventional articulated
hub designs. Flapping hinge offsets are illustrated in Figure 12 and vary
from zero for the teetering rotors to 6.33 percent for the large Super Stal-
lion.

When considering such a diverse array of vehicles, more appropriate compar-
isons can be achieved by reviewing the classical nondimensional parameters
shown in Figures 13 through 17. One of the most important of these parameters
is disk loading (Figure 13), which is very significant in hover and at low
speeds. The OH-58A has a very low diak loading of 2.83 pounds/square foot.
Most of the other aircraft have more typical values, between 6 and 9 pounds/
square foor but the CH-53E is 11.42 at the 56,000 pounds of this study. Blade
loading, on the other hand, is remarkably similar for such a wide range of
types. The average value is about 83 pounds/square (Figure 14) foot with the
CH-58A on the bottom end at 73.0 and the AH-64A on the high end at 96.6 psf
(at its AACT CW of 16,222 pounds), Since the previous M/A Phase I study
showed the importance of power at low speeds, the power loading (pounds/shp)
is another parameter of interest. As seen in Figure 15, power loadings
average about 5.81 pounds/shp. The CH-53E and ATA Mi-28 (20,000 pound GW)
have the best values of 4.55, while the AH-1S is the worst at 7.46. The Cobra
is main gearbox (MC3) limited to 1290 shp. 1f the full 1800 shp of the T53
engine were available, its powar loading would fall to a much better 5.31
pounds/square foot. The UH-60A and AH-64A are also main gearbox limited, but
not to as great an extent as the Cobra. At its BDGW, the BLACK HAWK would
improve its power loading by going to 5.19 from 5.95. Similarly, the Apache
would move from 5.31 to 4.35, better than the lightweight M1-28 and CH-353E.

Main rotor solidity (blade area/disk area) varies greatly for the eight
helicoprers (Figure 16). The seven-bladed Super Stallion has a solidity of
13.7 percent and the five-bladed HAVOC has 11.3 percent. The Kiowa is lowest
at 3.9 percent, but the Cobra (also two-bladed) has a amore typical value of
7.2 percent.
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The Lock rurber (ratio of blade alr loading to inertial loading) also displays
a wide range of values, but this s expected bezause rotor blades do not scale
directly with gross weight. Most of the aircraft have values around eight,
but the CH-53E is highest et 13.57 (Figure 17) followed by the Hi-28 at 12.92.
The OH-58A is lowest at 4.30 with the AH-15 just ahead at 5.76.

The effect of tip speed, solidity, ninge-offset and Lock number on maneuver-
ability and agility can be assessed by looking at the normali{zed pltch and
roll control sensitivities (Figures 1B and 19). The moment capabilities were
calculated using tha hub moment calculations of Reference 6. If these wvalues
ara divided by the pitzh and roll inertias, the normalized pitzh and roll
control sensitivities in radians-per-second-squared-per-degrea Tresult. A
better measure would have been the classical centrol powers of radians-per-
second-squared-per-inch of stick deflection. Because the heed limits in
degrees were not always known, the sensitivities are provided rether than the
control powers.

A review of Figure 18 shows that the Apache, Dauphin and S$-76A have the
highest values of pitch control sensitivity, around 0.13, while the CH-53E is
worst at 0.07 radian—per-second-squared-per-degree.

The roll control sensiti{vities i{llustrated in Figure 19 are much larger than
the pitch values and also show 8 much grea r spread of values. The generally
higher values siaply reflect the higher pltch inertias of all helicopters
(typically, s'x times of the roll value). The extreme spread is domineted by
the very high values of the Apache. This is due to the low roll incrtia of
this configuration. Estimates of the yaw control power wer= also made. In
this case the tall rotor was assumed to have a paximum thrust coefficient/
solidity of 0.14. For the fenestron of the SA-365N, the thrust of the fan was
b-sed on the annular area and the thrust augmentation due to the duct was set
el the classical velue of 2.0. The results are plotted in Figure 20. About a
two-to-one variation between highest and lowest values is present. The OH-58A
and Dauphin were the best vhile the Super Stallion and HAVOC were the worst,

As the above discussion shows, the helicopters used In thls study cover a
broad range of characteristics. Yet each aircraft has {ts own distinct
profile or "signature” of attributes., Thus, they provide an excellent rtest
for the M/A methodology developed in the Phase 1 Study. Because most of chese
helicopters participated {n the AACT actlvity, the analytical results can be
compared to actual flight test data. The fact that rhese are all contemporary
designs ensures that the results are relevant.

The M/A Phase 1 study showed that the classical design parameters affect M/A
in different wvays. For example, in some maneuvers low disk loading may be &
virtue and in others it may be a liability. Thus, knowledge of these parameters
does not allow one to assess the relative maneuverability and agility of a
given design. In this report & methodology for asszssing M/A capability is
developed.
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Mapeuver Controller Description

While the GenHel simulation environment provides the user with a detailad,
free-flying model of the helicopter, the process of actually “flying" a
maneuver manually is difficult (in an analysis mode and not linked to =a
cockpit). The engineer must find the control time histories that will result
in a specified maneuver. For example, in a symmetrical pull-up, the controls
need to be manipulated not only to achieve the desired load factor but also to
retain heading and maintain zero roll angle. In order to ease the burden of
this task, two auxiliary modulas are available in GenHel. One is & trimming
sutopilot, the other is a maneuver controller.

The trimming sutopilot {s usad to generate “"static® data. The triomara vwill
find the control positions that give the aircraft a specified set of accelera-
tions (tvpically zero, but not nacessarily) and prescribed turn rates, climb
rates and velocity. This module was used for maneuvers like the B0 knot
steady turn. In this case, the engineer would let the trimmer find tha
solution for a given bank angle then increase that value and retrim iterating
until the power available limit was reached.

The maneuver controller was used for "dynamic” maneuvers like the acceleration
frcm hover tu 80 knots. The user specified a desired maneuver profile and the
controller would fly the a‘vrcraft through the maneuver. The design of this
controller is shown in Figure 21. Tha basic scheme ia explicit model follow-
ing. The commanded profile is sent to shaping filters which define the
desired aircraft response. These signals then go to a model-following control
system. This contains an inverse model of the alircraft which converts the
desired responses into control commands. The inverse model ia linear, with
the matrix coefficlents based on derivatives generated In the GenHel
simulation model of that aircraft. The commands are then fed to the GenHel
simulation model. Since the simulation, llke the aircraft, is ronlinear, the
actual responses are compared to the commands and the error used to updats the
control positions. The controller, then, regulates the error to zero so tha
resulting aircraft response matches the command profile.

The maneuver controllers do not impose limizs on the command response. When
flying the maneuvers, the engineer has to inspect the time histories to see If
the appropriate limits (power available, pitch attitude, rotor atall
Youndaries, etc.) have been excaaded. If so, the command profiles ara altered
and the maneuvers reflown until the appropriate limits are not violated.
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SIMULATION RESULTS

This section of the report discusses the rasults of the simulated manauvers.
lt {3 divided into two major parts. The first ravisws the results on a
maneuver-by-maneuver basis. Tha second discusses the overall results on an
alreraft-by-airecraft basis.

RISCUSSION OF RESVLTS FOR EACH MANEUVER

In order to structura thia discussion, the fundamental paramatar plots for
each maneuver will be raviewed individuslly. Tha maneuver results will be
presented {n four parts - a dascription of the maneuver itsalf, a listing of
tha constraints imposed on it, a review of the fundamantal parameter and
measure-of-effectiveness (MOE) for tha maneuver, and a detalled discussion of
the simulation results, These detailed discussions will {nclude tha Mi-28
parametric study. All of the static data used to calculate the fundamental
parameters s provided in Table 4. The fundamental parameters and the
maneuver results are summarized in Table 5.

Hove o)

Mapeuver: The hover bob-up/bob-down 1i{s used in a threat environment to
provide masking. The helicopter climbs vertically, hovers momentarily to
activate sensors or weapons, then rapidly descends to remask. Time was not
available to analyze both bob-up and bob-down. Since the bob-up and bob-down
are reslly =eparate maneuvers, sensitive to different parameters, the rasults
of this bob-up study should not be used to {mply any bob-down characteristics.

Constrajpts: This i{s a *dynamic" maneuver done with the maneuver controller.
The helicopter must maintain {ts position over the ground, must maintain its
heading and must stop at 100 feet.

undame Pa MOE: The fundamental parameter for this maneuver is

the hover maximum thrust to gross weight ratie. The simulation was hovered at
increasing gross weights until the main rotor hover power available of Table 3
was reacted, This defined the maximum thrust available. Since low speed
maneuvers are typlcally power constrained, the maximus thrust-to-weight ratlo
was found to be the best normalizing factor. The MOE was defined as the
maximum rate-of-climb (ROC) achieved dJduring the wmaneuvar. This {s not
necessatily the maximum ROC capabllity of the aircraft since the maneuver
requires the sircraft to climb, then slow down and stop at exactly 100 feet.
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Simulation Results: The hover bob-up fundamental parameter plot is shown in
Tigure 22. This shows the maximum rate-of-climb achieved during the bob-up to
100 faat versus tha maximum hover thrust to gross weight ratio. Ten data
points ara shown, one for each of the study aircraft plus tha UH-60A and
AH-64A at their BDGW. In addition, the trend line from the M/A Phase 1 study
fs also presented, Nota that all these data are for sea level standard
conditions. Significantly this plot shc<s that tha fundamental parameter of
thrust/weight does indeed collapse the data from this wide variety of aircraft
onto a single line. The only two exceptions are tha CH-53E and tha OH-58A,
tha largast and smallast, respactivaly, of tha halicopters avaluatad. In
addition, the maximum thrust available was limitad by power available in all
casas. Tha trand line from tha M/A Phasa I study is somewhat highar than tha
current data, dua to the differences in the way the availabla power was
handled. In the Phase 1 study, all the availabla pcwer was utilized by the
rotor, while in this study appropriate tail roter and accessory losses were
accounted for.

In axamining these data moze closely, it can be seen thar the CH-53E is below
tha trend line, the AH-64A at its BDCW is on the line and the OH-58A is above,
yet all have about the same thrust/weight raric. The reason for this is
explainable in the dynamic nature of the maneuver.

Review of the time history data shows that the high disk loading Super Stal-
lion resches its power limir quickly in the maneuver and is still increasing
its ROC when the collectiva has to be lowered to stop at 100 feet. The Kiowa,
on the other hand, has a vary low disk loading. It takes longer to reach its
power limit and is in a steady climb by the time the collectiva is lowered.
The disk lcading and power loading differences of these two helicoptars result
in a similar thrust/weight ratio, so their steady rate-of-climb would be about
the same, but the dynamic affects of the lower disk loading gives the kidwa a
quickness advantage in this maneuver.

The effect of addi:ioncl power on the Mi-2% hover bob-up {s shown in Figure
23. Total aircraft power available was evaluated at values of 4400, 4800 and
5300 shp. The resulting powers available to the main rotor were 3696, 4032
and 4452 shp, respectively. 7The Mi-28 improvement in ROC falls along the
basic trend line established by the other aircraft. The 4032 shp point
reprasents a 9-percent increase in power available and provides a 13-percent
improvement in ROC. The 4452 shp case shows that a 20-percent power increasa
ylelds a 25-percent higher ROC.

Accelegation from Hover to 80 Knogs

Mgreuver: Since the best maneuvering speed for a helicopter 1s in the power
bucket (typically 70 to 80 knots), it is important for an aircraft to be able
to accelerate rapidly from low NOE s;eeds to thils paneuvering speed. This
maneuver is done by lowering the nose and applying power. The time to accal-
crata is basically limited by power absorbed by the rotor.
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Copstraints: In GenHel, this {s also a "dynami{c" maneuver done with tha
maneuver controlier, Limitations fmposad included the follo.ring:

a) Altitude gust be held constant.
b) Haading must b# held constant.

¢) Power availabla to tha rotor could not exceed the amount available
at 40 knots.

d)  Nose down pitch altitude could nct exceed 25 degrees.

The first two constraints are cobvious. The third one was imposed to limit the
power utilized at higher speeds. Since the power available wvaries with
airspeed, the valua at 40 knots was selected. The last constraint was based
on realistic piloting constraints. Typically, excessiva nose down attitudes
are not used by pilots because of lack of visibility and physical discomfort.
In order to treat all the helicoptera fairly, a 25-degree nose down limit was
imposed on all of them,

dzne aram : Being a low speed maneuver and hence dominatad
by power available, the acceleration to B0 knots uses the normalized power
margin as the fundamenta’' parameter. This is the main rotor power available
in hover minus the hover power required, divided by the hover powei requirad.
While the performance is o' viously a function of the power available over tha
whole speed rarnge of the ma.cuver, the M/A Phase T atudy showed that the data
ctollapsed well using the hover power margin. “he MOE was the time to get to
80 knots.

Simulation Results: Figure 24 shows the hover acceleration to B0 knots
fundamental parameter plot. This shows the time to get to 80 knots versus the
normalized hover power margin. The same ten data points are shown as for the
hover bob-up along with the trend line from the Phase I study.

For this maneuver, the fundamental parameter collapses the data, but not as
well as the hover bob-up. The reason for this i{s that more constraints are
applied.

Review of the time history data shows that all the aircraft except the heavy-
welght Apache are restricted initially by the 25- degree nose-down pitch
attitude limit. At the end of the maneuver, the nose comes v9 as the power
limit is raached for each helicopter. Because of the impact of individual
aircraft encountering constraints at different times, {t 1is dinstrucrive to
axamine the maneuver histories on an individual basis.

QH-58A - This heliicopter rapidly rotates down to the pictch attitude limit and
stays there for abou: two-thirds of the acceleration interval. The nose comes
up and the Kiowa {5 on i{ts power limit for the remaining one-third of tha
maneuver.
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SA-365N - The Dauphin nosas over and sits on the pitch attitude limit for the
first one-third of the maneuver. It reaches ita power limit in this nose-down
state and the nosa comes up for the remainder of tha acceleration. The
SA-365N is powar-limited for the last three-fourths of the mareuver.

5-764 - The S-76 noses down but is on the 25 degree sttitude limit for only a
short time before it becomes power limited. The nosa comes up and the air-
craft remains power limited for about B0 percent of tha acceleration Intarval.

AH-183 - Tha Cohra noses ovar and stays on tha -25 dagree limit for about
one-half of the acceleration interval and is power limited for the other half.

UH-604 - Tha lightweight (14,685 pounds) AACT BLACK HAWK rotatea quickly to
the nose-down attitude limit and stays there for approximately one-half of the
manauver. As velocity increases, the aircraft reaches its power limit and the
nose begins to migrate upward with increasing airspeed to stay on that limit
for the rest of the acceleration. The heavier (16,825 pounds) BDGW helicopter
follows a similar profile, but it is slower in rotating to the nose-down limit
and reaches tha power limit sooner. At this point, the BDGW aircraft nose
migrates upward with increasing airspeed to stay on the power limit.

aH-644 - The lightweight (BDCW) Apache gets to the -25 degree pitch attitude
lizit and stays there for about one-third c¢f the maneuver, The remainder of
the acceleration is power limited, with lower pitch attitudes. Longitudinal
flapping as high as -10 degrees is achieved. The heavier (AACT) aircraft
never gets to the pitch attitude limit, but gets down to -12 degreas. It is
power limited for the last 60 percent of the maneuver.

Mi-28 - The HAVOC rotates down to the -25 degree limit and stays there for
most of the maneuver, with the nose coming up to -20 degrees as the power
limit {s reached at the end of the acceleration. The results of the power
available parametric study arr illustrated in Figure 25. The same total
aircraft powers were used as before, yielding values of main rotor power
available of 3903, 4257 and 4701 shp at 40 knots, This study was very in-
structive in the effect of maneuver constraints. The 4257 shp case improved
the acceleration time by only 0.27 second. This was due to the -25 degree
pitch attitude limit, which presented the alrcra.t from using all of the power
available. As a consequence, the 4701 shp configuration had po improvement in
the acceleration time compared to the 4257 shp case. The nose-down attitude
constraint limits the maneuver capability, regardless of the power svailable.

CH-53E - The Super Stailion rotates down to the attitude limit and stays there
for about one-half of the maneuver. During the last half the power limit is
reached and the nose comes up.

Exazination of the Figure 25 Fundamental Parameter Chart shows that the data
are well collapsed except for the CH-38A. The excessive time for the OH-58A
acceleration may be due in part to the poor longitudinal trim correlation
discussed in Appendix E. While a basic trend axists, the inharent differancas
berween the aircraft and the effects of the imposed operational constralnts
result in more scetter than the Phase 1 data.
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Deceleration £rom 80 Knots t¢o Hovex

Maneuver: This maneuver 1s basically a masking one in which the helicopter
decelerates ajirspeed quickly from 80 knots td hover. Typically, this maneuver
is flown aggressively to mask the helicopter from potential threats or to
position it for an air-to-air encounter with a crossing threat. This maneuver
is performed by piltching the aircraft up and using the aft-directed rotor
thrust to produce deceleration. To avoid ballooning to & higher altitude, the
collective pitch must be reduced.

Constraints: This is also a "dynamic™ maneuver using tha GenHel maneuver
controller.

Realistic constraints applied to this maneuver were:
a) Altitude must be held constant.

b) Rotor could not be over-speeded - only driven to zero-torque autorota-
tion.

¢) Nose-up pitch atritude could not exceed 25 degrees.

¢) Rotor power required could not exceed the hover power available as shown
in Table 3. This was done because some of the aircraft continued to
decelerate at low speed using high power,

The first constraint avoids the natural tendency of the aircraft to gain
altitude when rotated to nose-up esttitudes, The second one was imposed
because it is unlikely that the pilot will want to decouple the rotor from the
engines by over-speeding it when he is in the tactical environment. The pitch
attirude limit was added because of visibility and comfort reasons as was done
in the previous acceleration maneuver. The power limit was added to avoid
having the helicopters reach hover with large nose-up attitudes.

Fundamental Parameter and MQE: For this maneuver, the fundamental paraxeter
is the hover power required divided by the gross weight. This did not
normalize the data as well as the previous maneuvers, but a definice trend was
present. The MOE was the time to do the maneuver.

Sipulation Rezults: This maneuver showed more vari{ety in how the eight
different helicopters responded than the previous two. In general, the
helicopters would nose-up uniil autorotation limited. As the aircraft slowed
down, the nose-yp attitude would {increase until the 25-degree limit was
reached. At the end of tte maneuver, the nose would come down, sometimes
forced by the hover power available limit. As a consequence the data is more
scattered, as shown in Figure 26. Review of the time history data for each
aircraft highlights the individual “signature™ each ¢type has for this
maneuver.
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QH-584 - The Kiowa is autorotation limited for most of the maneuver, never
getting to the 25.degree nose-up pitch attitude limit. At the end of the
maneuver, the nose is forced down by the hover power available limitation.

SA-365N - For this French helicopter, the {initlal pitch-up is limited by
autorotation for about 25 percent of the maneuver time. The attitude then
increases to the attitvle limit until the end of the manc. . er, This alrcraft
is not limited by the nover power constraint.

§-76A - The %.76A behavior is similar to the Dauphin. The initial pitch-up is
autorotation limited for 1S percent of the maneuver. The nose comes up as the
aircraft slows and {s at the limit until hover is reached. The hover power
avallable was not a limiting factor.

AH-15 - The Cobra is restricted by all of the limitations. In the initial
part of the flare, the nose pitches up and is limited by autorotation for
about one-third of the deceleration time. As the AH-15 slows, t: - nose comes
up further and hits the 25-degree attitude limit for about ten per.ent of the
maneuver time. At the end, the nose is driven down by the requirement to not
exceed the hover power available,

UH-604 - The UH-60A at its AACT weight was on the autorotation limit iniclally
for about ten percent of the maneuver time. As the helicopter slowed, it was
able to gradually increase its nose-up attitude until the limit was reached.
The hover power limit was pot encountered at the end of the maneuver. The
BDGW case was very similar. The helicopter waa on the autorotation limit a
little lounger (15 percent of the maneuver) and all of the maneuver was some-
what more gradual. Again, the hover power avaiisble was not a limitation,

AH-643 - With similar disk and blade loadings comparec to the 5-76A and
Uk-60A, the Apache (both AACT and BDCW) performed the deceleration in a like
manner., The initial flare was autorotation limited for about 10-15 percent of
the paneuver time, then attitude limited Iin the middle of the deceleration.
The hover power available did pot constrain the pitch attitude at the end of
the maneuver for either weight.

Mi-28 - The higher disk loading of the Soviet vehicle results in it only
touching the autoroctation limit and then staying on the pitch atritude limic
for most of the deceleration until the end when the nose drops to achieve
hiver. The hover power available constraint was not a limizing facrtor.

No parametric evaluation of this maneuver was done since engine power avail-
able was not a facrtor.

CH-53FE - The big Super Stallicn simply noses-up to 25 degrees and stays there
for most of the maneuver with the nose coming down at the end It was not
restricted by elther the autorotation boundary or the hover power available
constraint.
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This paneuver is a good illustration of the intaraction betwaan the individual
helicopter characteristics and the realistic constraints. Tha low disk
loading OH-58A is autorotation limited for most of the decelara:ion and never
has a pitch attitude higher than 22 degrees. Aircraft with higher disk
loading are only autorotation limited initially, then pitch attitude con-
strained. The higher disk loading CH-S3E never gets to the autorotation
boundary. At the end of the maneuver, some of the helicopters are constrained
by the hover power available limit, but others are not. This {nteraction
between the vehicles intrinsic design features and reasonsble operational
limits results in the scatter shown in Figure 26.

§0-Knot Steady Cligb
Maneuver: Good bucket-spaed climb performance s very important for scout/
attack helicopters, especially in alr-to-alr encounters. The ability to

quickly climb to catch an enemy or, alternatively, to be able to climb quickly
to avoid an engagement is one of the most important attritutes that a combat
helicopter could have.

Copstraints: This is & static maneuver done using the trizming autopilot. No
particular constraints are applied except that the helicopter is trimmed wings
level {n a steady climb.

Fupdamenca} Parsreter and MOE: The fundamental parameter is the normalized
pover margin. This s the power available at 80 knots rinus the level flight
trim power required, divided by the trim power. The MOE is the maximum
rate-of-climb achieved. For this studv, the main rotor power available and
power required were used, as shown in Table 3.

Simulation Results: The fundamental parameter plot is shown in Figure 27.
Although this is a "static" maneuver, the data shows some scatter but compares
well zo the baseline from the M/A Phase I study. The BLACK HAWK and 5-76A do
slightly better than the trend wvhile the OH-58A and Mi-28 are worse. The
OH-58A is beyond its bucket speed at 80 knots while the Mi-28 was evaluated in
a high-drag, ATIG configuration.

The effect of increased power available on Mi-?& performance is shown in
Figure 28. The improvement in ROC {s just as expected, matching the basic
trend of the other aircraft and the baseline Phase 1 study. However, an
offser still remains, indicating a lower climb efficiency than most of the
other helicopters.

B0-¥ror Steady Turn

Mapeuver: The bucket-speed level turn is a cricical tactical maneuver, both
for air-to-air and air-to-ground missions, and should be a critical design
parameer.

Copstra:nts: This is a "stazic® maneuver, flown coordinazed at both constant
alzitude and constan: airspeed
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Fupdamental Parumeter and MOE: This mid-speed ateady turm ia dependent on
beth rotor thrust capability and on excass power available. The fundamental
parameter is power loading over blade loading. Power loading was defined as
main rotor power available at B0 knots divided by gross weight while the blade
loading was defined non-dimensionaliy as ! CT/a in haver. The MOE was maximum
load factor achieved,

Simulation Results: The simulation results are shown in Figure 29. Five of
the ten alrcraft trend well and match the M/A Phase 1 baseline data. The
AH-15 and AACT BLACK HAWK are somswhat better while the Dauphin, Mi-28.and
CH-53E are worse. In all cases, the load fsztor capability waa power limited.

The results of the Mi-28 parametric study (Figure 30} are very revealing. A
9-percent increase in power available only improves the load factor capabilicy
by 0.04g, while a 20-percent increase produces only 0.07g. This is clearly an
indication »f rotor stall and shows that at B0Q knots rotor thrust capability
begins to have a significant effect on the maneuve:za. In other words, the
thrust capability and power available need to metch. An excess of either is
not beneficial to this maneuver

0-K 3 Tu
Maneyver: The decelerating turn is very important in eair-to-air combat.

Basically, {t utilizes the kinetic energy of the aircraft to improve turn
capability, The maneuver is enteved at mid to high speeds with the objective
of turning as quickly as possible, without regard for the exit speed. Cnce
the turn (s entered, the rotor angle-of-attack ia increased while collective
pitch is lowered, putting the rotnr in an autorotative state to capitaliza on
the higher thrust that this permits

Constraints: Ti..s is a "static™ maneuver, done using the trimming autopilot.
The helicopter was trimmed in a coordinated turn at B3 knots. The nose wa:
.aised to previde deceleration until it re hed a zero torque autorotaticn,
Then the bank angle was increased and the ocess repeated until the 1otor
reached {nciplent stall, defined as having a rotor atall parameter, bC d/a. of
0.004. Thus, the trimmer generated the highest turn rnte/dece]erntlog possi-
ble with the retnr simultanecusly in autororation and at its atall boundary.

Fundamental Papareter and MQE: The fundamental parameter is the nondimen-
sional thrust margin, defined as the maximum C_/¢ avallable minus che level
flight trim value, divided by the tria value. Turmn rate was used as the MOE.

Simulation PResults: The BO-¥not decelerating turn results are plotted in
Figure 31. No baseline trend line was avallable from the M/A Phase I Scudy.

. . data are well collapsed, showing that the fundamental paramater normalizeca
the results properly. The CH-52E does better than expected while the AH-15 {3
worae. The high disk loading of the Supar Stallion ruouires a higher roter
angla-of-attack to produce aut.retation which {mprovaa {ta daceleration
capabllity while the AK.1S shows the opposite effact dus to its low disk
loac¢ing. The OH-5BA should alao be below the trend, but BC knots is well
abovse {ts bucket speed, so {t suffers a dispropert.cnate loss in maxioum CT/a
capabllicy,
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The M{-28 parametric results are shown in Figure 32. 1In this maneuver, the
rotor thrust capability was erhanced by operation at 105 percent rotor speed.
The resulting increase {n turn rate matches well with the basic trend of the
other helicoprers,

-Kno 1

Maneuver: This maneuver is identical to the 80 knot version except it is done
at 130 knots,

Constraints: This "static" maneuver was done in the same manner as the 80
knot case.

Fundamental Parameter and MOE: These are the same as the 80-knot decelerating

turn

Sipulacion Results: The GenHel data for <he 130-knot decelerating turn are
shown in Figure 33. Note that the OH-58A is absent because it cannot perform
this maneuver. Its maximun design level flight speed is about 120 knots.

These data show a well defined trend line, though not as collapsed as the 80
knot data. Again, the CH-53E {s somewhat above the basic trend and the AH-1S
below. The turn rates are much lower, typically one-half of the B0 knot
values. This 1s due to the decresse in rotor thrust capability at higher
advance ratios.

Operation of the HAVOL at 105 percent rotor speed (Figure 34) Iimproves its
capabllities somewhat more than expected. The increased rotor speed has ctwo
effects. First it {increases the maximum C /o and decreasea the trim C_/o.
Secondly, it slightly reduces the advance ratio and allows a higher CT/a to be
reached before the stall limit is encountered.

40— 3 o

Mapneuver: The high. speed symmetrical pull-up is ctactically important for
situations where a rapid change Iin altitude i{s required, such as obstacle
avonidance ~. escape from a tailing threat. The maneuver is limited by the
rotor thrust capability and, because of its transient nature, not restricted
by power available.

Constraints: This maneuver was performed dynamically with the maneuver
controller. The aircraft had to remain wings-level, maintain heading and not
exceed a rotor stall parameter of 0.0125, representing deep stall. Power re-
quired could not exceed power available, but for all aircraft this power
limitation was never imposed.
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Fundamental Parameter and MQE: The fundamental parameter for the high-speed
pull-up was the normalized thrust margin, the same parameter used for the
decelerating turns. In this case, of course, the C_/o values were calculated
for 140 knots. The maximum load factor achieved was the obvious MUE.

Simulation Results: The results of the 140-knot pull-up are shown in Figure
35. Again, tne OH-5BA is not present because {t cannot do this maneuver. The
data points are well trended and closely match the M/A Phase I study result.
The AH-1S, however, is well below the expected value because it hits the rotor
stall boundary sconer than expected.

The Mi-28 does slightly better than expected at 105 percent rotor speed
(Figure 36). This is due to the reductior. {n advance ratio and consequent
{mprovement in rotor stall capability as noted in the decelerating turn
discussion.

80-De ov

Maneuver: The ability to perform a hover turn quickly and to come to &
desired heading with little overshoot is very important for both targeting and
attack. It requires both high control power (acceleration} and high damping.
This maneuver is made with the pedals and is essentially independent of main
rotor attributes,

Copstraints: This was a "dynamic® maneuver. The helicopter had to remain in
position at constant altitude and turn exactly 180 degrees with no overshoot.
Pilot experience dictated a limit on yaw rate of 60 degrees per second, since
values above this limit make it difficult to stop on a desired heading without
excessive overshoot. fnce CenHel uses a Bailey-type tall rotor model, the
tail rotor CT/o vas arbitrarily limited to 0.14. For the Dauphin, the
Fenestron thrust was calculated using Sikorsky's existing Fan Tail model which
properly accounts for the augmentation due to the duct.

ndament arameter an )E: In the original Phase 1 Study, the fundazental
paraneter was tail rotor solidity. For the wide variety of alrcraft in this
effort, the fundamental parameter was defined as the theoretical yaw accelera-
tion capability. This was calculated by assuming a maximum C_/o capability ot
0.14, calculating the maximum static thrust availabla, subtracting tha thrust
required for hover, and calculating the residual yaw acceleration avallable.
The measure-of-effectiveness was the time required to make the 180-degree
turn.
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$imulation Results: Figure 37 shows the simulation results. Surprisingly,
the times to turn were all very similar and relatively insensitive to the
fundamental parameter. The reason for this was the presence of the yaw rate
limit. Helicopters with more acceleration capability could not use it since
they simply ran into the rate limit sooner. The excessive time for the CH-53E
reflects a thrust limit on the tail rotor below the 0.14 CT/a assumed by the
fundarental parameter.

The effect of yaw inertia on the HAVOC hover turn is presented in Figuze 8.
Inertia was varied by 10 percent above and below the baseline value. This
resulted in a change in the hover turn time of about 1/4 second in each case.

RISCUSSL " OF RESULTS FOR EACH AIRCRAFT

Overall, the UH-60A and AH-64A at their light weights had the most consistent.
ly good maneuvers. Adding & ton to each helicopter to bring them to their
high gross weight configurations significantly reduced the maneuver results.
The CH-53E did surprisingly well for such a large aircraft, but recall that it
was flown at & mid-weight and at 105 percent rotor speed. “The two civil
elrcraft, the SA-365N and 5-76, in general did poorly. Both lave high power
loadings which significantly affected the maneuver results. The older genera-
tion military helicopters, AH-15 and OH-38A, tended to fall between the civil
aircraft and the modern military ones. The Mi-28 did not do as well as
expected. This is due basically to the high weight/high drag configuration
that was evaluated. The analytical study in Appendix L shows that a lighter
weight HAVOC could have maneuver capabilities comparable to the AH-64A and
UH-60A.

Overall, the fundamental parameter charts worked very well. They collapsed
the maneuver results from this wide varlety of aircraft and are useful in
predicting the effect of parametric changes on the maneuver results. It 1s
clear, however, that the presence of reasonable operational limitations can
have a strong effect on the maneuvers. While the fundamental parameter plots
provide a useful guide to the capability of an aircrafr or design, the actual
maneuver results can only be determined by flying the CenHel siaulation
{or an equivalent simulation) through the maneuver.
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INTROPVUCTION

This section of the report discusses the analysis of the air-ro-air combat
flight test date. These data were supplied by the U.5. Army and covered
one-on-one engagements between & variety of helicopters. Sikorsky conducted
an analyais to determine when firing opportunities occurred and an evealuation
of the maneuvering thet took place in each engagement relevant to these firing
opportunities. The basic methodology was .o develop software which would
synthesize the view out of each cockpit during the engagements., This was
coupled with a firing window analysis code which calculeted the range and
boresight angular error between the aircraft. These firing window data were
superimpnsed on the cockpit views. The user could then replay the engagement,
note what maneuvering tosok place, and define the times and durations of the
firing opportunities. Although the contract statement of work only required
analysis of six engagements for each pair of aircraft, the procedure was so
efficient that all 59 of the engagements provided by the Army were analyzed,
providing a very comprehensive data base.

e W C

Realizing the increasing threat posed by armed helicopters, the U.5. Army has
been {involved for many years in a program to assess the requirements for
alr-to-air combat. One phese of this program has been conducting di{ssimilar
air combat tests between various state-of-the-art helicopters (Reference 5).
These tests simulated the air-to-alr combat that could arise from a chance
encounter between two helicopters. Initial activities focuseé on fixed-gun
engagements (no missiles or rockets) but later studies evaluated turreted
guns. These one-on-one engagements were flown at the Naval Alr Test Center
(NATZ) at Paturent River, Maryland, and were intended both to evaluate the
maneuverability and agility of current helicopters end to assess future
requirements for this type of mission.

The first series of tests, designated Air-to-Alr Combar Tests I (AACT 1), was
flown {n April 1983 using a Bell OH-58A and a Eell AH-1S. This AACT developed
and validated the techniques for obtaining snd processing air combat data.
These flights demonstrated that tests of this nature could be safely performed
and generate useful data.

A second serles of tests, AACT II, was flown in July 1983, Three aircraft
were involved: a Sikorsky UH-60A, a Sikorsky 5-76A (in its armed utilicy
version designated AUH-76) and a Bell OH-58A. The main objective of AACT 11
vas to establizh a data base of helicopter M/A characteristics for a variety
of diffuerent designs.

AACT 111, the third series of flight tests, was flown in December 1934. The
folloving helicopters participated: Hughes H-530F, Bell OH-58A, Bell AH-1S
and Messerchzidt-Bolkow-Blohm/Kawasaki BK-117. For this series of tests,
laser wegpon simulators wvere fitted to the BXK-117 and H-530F to represent
fixed-forward 2Nam guns.
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The success of the first three flight tests resulted i{n AACT IV being conduct-
ed in April 1987. Afrereft utilized for this ectivity included: Aerospatiale
SA-365N1, McDonnell Douglas AH-64A, Bell Model 406 Combat Scout and Bell
AH-18. The B-406 is similar to the OH-56D Adranced Helicopter Improvement
Program (AHIP) airereft in havirg a four-blad~d hingeless rotor end upgraded
engine. In these flight tests, the laser weapon simulatcrs were mounted on
the turrets of the Apache and Cobra to allow evaluation of turreted guns in
air-to-air combat.

Background

Once data from the AACT flight tests were available, a alignificant data
analysis effort wes required. In the M/A Phase I study, several encountera
wvere analyzed to evaluate maximum maneuvaring while achieving firing npportu-
nities. The process of examining the AACT encounter time histor.es was very
laborious, A computer code was available to calculate the distance between
the helicopters end the relativa azimuth and elevation angles. The time steps
where ona aircraft wes within the firing window of the other could be deter-
mined from these date. But, analysis of the meneuvering before, during and
efter the firing opportunity was performed manually. The engineer lLad to
inspect time history plots of positions, attitudes, velocities, anguler retes
and control inputs to determine what each helicopter was doing. An eutomated
method for this analysis wes clearly needed.

Th: epproach teken in this study was to develop software which would allow
pleybeck of the AACT data on a workstatiun-based simuletor. This all~wed the
engineer to recreate the view cut of each cockpit durirg the engegemants. To
eid in thisz enelysis, a mode wes evailable to show the overhead view of tue
engagement or, in fect, the viaw of the engegement from any fixed point in
conbet spece. The analysis of the maneuvers wes significantly enhanced by
this approach.

SOFTVARE DEVELOPMENT

The software developed for anelysis of the AACT data is shown schemsatically in
Figure 39. The originel data were supplied to Sikorsky by AATD in the torm of
fioppy disks. These data were then read into a conversion module. This
codule broke the data into separate files arranged by counter number. A
counter nucber had been assigned to each engagement. The firing window
anelysis code and simulation softwere use Jifferent earth referenced coordi-
netes than the AACT data, so two conrdinate transformetions were employed as
illustrated in Figure 40. The output of the conversion module weg restruc-
tured data files. These illes, one per counter, contained the data in each of
the new axes systems and the firing window analysis data. This restructured
data file was then used to drive the synthesized replay of rhe AACT engage-
ments. In sddition, a plotting routine was also available.

One of the most importent aspects of tuls effort was the validaticr of the
results because ¢f the extensive marnipulation of the data required. Within
the simulsation module itself, evaluetions were conducted to assure thet the
views out of each cockpit and from overhead wvere coupatible. More important-
ly, the firing window date which were separately derived lrom the original
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AACT information were compared with the out-of-cockpit views. Tha usar could
aas{ly coenfirm that tha viaw out of the cockpit and the range, azimuth and
alevation to target dats superimposed on {t were compatiola. Extensive
verification work of this kind was performed to assura that the flight test
conditions were properly raplicated.

A detailed discussion of the software modules 1s given below,

Conversion Modyle

Tha convarsion module has thrae functions. The first i{s a raconfiguration

program that reads the data files suppliad by the Army and separates them into

distinct filas by counter nurber. Tha sacend is a coordinate axis transfcrma-

tion program to make the AACT data cozmpatible with tha NASA cuordinate systea
| used by the firing window analysis and compatible with the earth-referenced
coordinate system of simulation modula. Care had to be axarcised i{n thesa
transformations because of the large nurber ¢f 360-degree shifts in the angle
data. The third functfon of the conversion module was To axercise a firing
opportunity analysis code. This program was originaily developed in the M/A
Phese 1 study (Refersnc. 2) in the Speakeasy lenguage. For this applicetion,
it wes converted to the C programming language. This program reads the rtest
data and calculates the range in meters and the azimuth and elevation angles
in degrees betwaan one helicopter and the other in the body axes of tha first.
The final output of the conversion module is a restructured data file for each
counter that contains the transformed data and the firing window data.

Simylation Module

The simulation module creates a visual representation of the engagemant. Tnis
Silicon Graphics 3130 software uti{lizes high resclutfon, solid-cclor, poly-
gonal coaputer- generated {magery. In addition to display of the other hell-
copter, the terrain around the Patuxent River Naval Air Test Center (the AACT
test site) vas also modeled. Two simulation playback modes were availabla.
The basic software for these modes had been developed previo.sly under IR&D
funds but extensive customizing was required for this M/A study. Both modas
read the restructured dete file and cen repley the AACT engagexment in slowv,
real, or fast time, or frame by freme. One mode displays the view out of tha
cockpit and cen be toggled from one cockpit to the other.

Digital data supesrimposed on the cockpit displey includes:
Own Ship - airspeed, altitude, heading, s{deslip, bank angle

Other Ship - relative azlsuth and elevation angles, resultant angle,
airspeed

Information - time, which cockpit this view, type cf view (siow, real,
fast, frame)

The other sode allows a view of both helicopters from any fixed voint in the

combat space. Digital data superi{mposed on this display includes time, firing
window data, and eech helicopter’'s altitude, airspeed and sideslip angle.
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Rlotting Module

The plotting softwsre was a modification of an existing program. The modifi-

cations alloved plotting of multiple parameters psr page and addition of
paramster titlss.

TNEACEME

t1e]

With ths engagement playback available, analysis of the firing oppertunitiss
wae eseily achieved. Each encountsr was viewed and as the aircraft moved into
poeition, the results of ths firing window computation could bs inspsctad.
The firing window for this study was dsfined as a range lsss than 1500 msters
and aziputh and elevation anglss less than plus or minus thres degrees. No
sinimum tims in the firing window was requirsd befors "activation® of the
duration counter, Detafiled discussion of sach of the 59 encountsrs Is
prsssnted in Appendix J along with a table cf the initial conditions. The
encountsrs analyzed wsrs divided among ths AACT data as followe:

AACT 11 UH-60A vs S-76A
Counters 208018 to 208028

S-764 vs OH-58A
Counters 23020 to 23038

UH-60A vs OH-58A
Countsrs 27026 to 27043

AACT 111 AH-15 vs OH-58A
Counters 302013 to 302021

AACT IV AH-64A vs SA-356N
(AH-64A fixsd gun)
Countere 411009 to 411023

AH-64A vs SA-365N
(AH-64A turreted gun)
Countsrs 417001 to 417012

The sngagemdent counter nushsrs ars principally used for AACT data baes acceee.
They are five or six digit nuambers encoded with the following information:

. Firet Digic . AACT nunber
27027 = AACT 11
417001 - AACT IV

Second, Third Digic - Flight nusbhsr
27027 = Flight #7
417001 = Flight 417

Last Three Diglte . Engagesent nuaber
27027 = Engsgemsnt §27
417001 = Engagsment 41

b




While the detaile of the individual engegerents are presented in Appendix J,
some overell commente on the engegements can be mada and are pressnted below.

UH-60A_vs S-76A

Thees teste were dietinguished by very sxtensive maneuvering of eech eircreft.
Bank englee of over Y0 degrees were echieved by both helicoptere. Unbenked,
or pedal turns were also ueed frequently. The BLACK HAWK hed the wost firing
opportunities due to its lower power loeding.

UH-60A va CH-S¥A

These tests cons.sted mainly of tail chases and S-turns with the UH-60A in the
dominant position most of the time. The BLACK HAWK frequently has bank engles
of near 90 degraes and in one encrunter makas & $2-dagree left bank angle to
gein position on the Kiowe. The OH-38A maneuvers wers restricted to bank
engles of 60 degrees or lees. The lover power loading and highar asaneuver-
sbllity of the UH-60A sllowed it to Cominate the engsgements.

- v -

These encountere featured tight turne and short rangss. Raither sircreft had
bank engles over 60 degrees, Lut the S-76A mide extensive uss of pedal turme.
The S-76 had the largest number of valid firing windowe.

AH-15 va OH-SBA

The engagements cf these two helicopters do not show the very aggressive
maneuvering eeen in the previous peirs. Several of the encounters had one
aircraft remain in hover while the other tergeted it, so theee are not really
representative of air-to-air combat. Both helicopters made use of pedal turne
to try and gain an advantege.

SA-16SN va AH-64A (fixed gun)

The Dauphin frequently made uss of mid-speed pedal turns to terget the Apachs.
The Apache wae abis to uee ite lower power loading to gain altitude over the
SA-365N, but this did not necesearily give it firing opportunitise on the
Dauphin. In one care the sncounter wae initialized with the Apeche on the
tail of the Dauphin, tut neither alrcreft achieved any firing opportuniries.
On the other hand, vhen the ecenario was initialized with The 5A-365R on the
tall of the AM-{4A, the Dauphin got e firing window ae the Apsche 'ried to
turn in on {t.

The original AH-64A/SA-365K date eupplied by the Arsy inadveriently coverad
engagesente vhers the AH.64A wae eimulating ues of a turreted gun in eir-to-
air combat. Thees data were analyzed for fixed gun firing opportunitiee
befora the error wae discovered. A review of the maneuvering sequences shovs
that they wers eimiler to the fixed gun engegemente with the SA-3658 ueing
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pedsl turns to gain advantage and the Apeche making use of its better climb
capability. However, since the Apache vas simulating the use of a turreted
gun, there was no requiremeat for the pilot tc aggressively drive his attitude
toverd boresight alignment with the Deuphin. Data for thesu cases are
provided since the anslysis wes done, but they were not wused 1In the
correlation etudy and no conclueions should be drewn firom them.

Firing Opportunities Analysis

The mathematical firirg opportunities that occurred in the 339 encounters
analyzed are summarized in Table 6. The columns in Table 6 are nunbered at
the bottom for the purpose of identifying the data as explainad in the
followirg paragraphs:

Column 1 lists the helicopters involved and counter numbsrs of the AACT flight
test data files for each scenario where the helicopter number is used for
identification in subsequent data entries of the table. Column 2 ie the
length of the encounter teo the nearest second.

Coluuri 3.1 liscte the minimum vector value of the azimuth and elevation anglea
frox the body reference axie of helicopter 1 to the center of helicopter 2.
The azizuth and elevation anglee are tabulated in column 3.2. All anglee are
in degrees. Column 3.3 {s the renge between the twc helicopters in m+ters at
the same time etep as the date of columme 3.1 and 3.2,

Colunne 4.1, 4.2 and 4.1 are the eame data definitions as 3.1, 3.i and 3.3
except that the frame of reference 1ie from the body reference axie of
helicoptar 2 to the center of helicopter 1.

Coluzne 5.1, 5.2, 5.3, and 5.4 list data for the geometric firing windowe that
are leea than or equal to 23 degrees in both azimuth and elevation angles.
The ainimum azimuth and elevation angles for the lees than or equal to 13
degrez azimuth and elevation burete are liated in column 5.2. The firet entiy
of column 5.3 {e the number of time eotepe that the azimuth and elevacion
angles ere less than or equal to %3 degress. Omne tise etep is equal to .1
second for all the data evaluatsed. The sacond data entry of column 5.3 is the
starting time of the firing wvindow.

Column 6 ia the minimus range for the entire flight esquence. Coluans 7.1 and
7.2 are the maximusm bank anglee for helicopters 1 and 2, respectivaly.

= - v

Figures 41 through 46 preeent cut-of-cockpit views of aslected engagesents
from esach of the 5 helicopter paire. Each of thees viewve Fkad pertinent
informetion suparimposed over the dieplay as shown in Figure 47. For views
from other locationa in cosbat epace, data on both aircraft wvere provided aa
shewn in Figure 48,
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The criteria for choosing the engagement presented was, in order of prefer-
ence, a scenario with the most accurate J-degree firing window, a sequence
which had the longeet l-degiree firing window duration, or the ecenerioc with
the closest range during its firing window. Thus the engegement chosen
represents the best firing opportunities for esc.i heiicopter peir.

The flight scenaric counters chosen were 208019, 302014, 417003, 411011,
23038, and 17026,

For the §-/6 versus the UM-60A scenarice, flight sequeice counter 208019 wae
the clear cholice. The only other possible candidate, counter 20827, had &
firing window of only .l second in duration (Figure 41).

For the AH-1S versus the OH-58A set of scenarlos, the flight sequence choicse
was counter 302014. Although thia flight sequence only had a .2-eecrnd 3~
degree duration firing winduw, the only other poseible candidate flight
ssquence, counter 302018, did not include a J-degres firing window during the
maneuvering eegment of the er_agement (Figure 42).

The AH-64A veresue the SA-365N turreted gun encountere had several condidate
flight sequencee. Flight ecenarfo counter 417005 wae not chosen eince the
AH-64A for reasons unknown did not maneuver while the SA-365N-1 scored its
$3.degres firing window, and flight eesquence counter 417009 wae not chosen
since the tl-degree firing window was ecored before the initlal pase of the
two helicoptare. Consequently, the final choice wae flight ecenario counter
417003 (Figure 41).

Fer the AH-64A veresus SA-J65N fixed gun engagements, the seiected cockpit view
vas counter 41101). This shows the two helicoptere trying to ture in on each
other. The Apache is msking a banked turn while the Dauphin has pedal
turned to achleve a firing window (Figure 44).

The chofce for the best flight sequence with a tl-degree firing window for the
§-76 vereus OH-58A flight acenarice wae etraight torvard eince the choeen
flight eequence, counter 23038, had a very accurate firing window. The 1}
degree firing window wae .0 degres in azisuth and .Z degres in elevation and
vae held for 1.8 esconde (Figure 45).

For the UH-60A versus OH.58A flight ecenerios, the beet flight sequence
counter wvae 27026, It represented ths most accurata, longeet duratisn, and
cloeset range combination t3.degree firing window ecore. Several of the other
encountere had more accurate and longer duration l-degres firing windows but
they occurred before the initial paes nf the two heliccptere, and eo while
they were calculated, they wers nct valid engagemerte (Flgure 46).
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Al ANG METHOROLQCY
INTRODUCTION

This section of tha report discusses the scoring aystems devieed for the
sipulated maneuvers ard for the AACT engagemanta. The firat part of this
section will deal vith ecoring of the simulated mzneuver results. This will
include derivation of wveighting factors for air-to-air (ATA), air-to-ground
(ATG), nap-of-the-earth {NOE), and contours {(CON) flight regimes. With the
acore for eazh maneuver available, a M/A rating could be obraineu by taking
the average of thie scores for all nine maneuvers. The second part of this
aection will cover tha scoring for AACT engagements where a firing opportunity
occurred. Thiy scheme uaed the tima in the firing window, range and angular
error to calculate points for each engagement. T.e¢ final score wis the sum of
the points for that aircraft.

These M/A air-to-air ratinge and tha AACT scores wvere ueed as tha basis for
the correlation covered in the next secticon of this report.

SCORING OF SIMUIATED MANEUVERS
Methodolegy

The method for calculating tha ecore for aach asaneuver ia chown in Figure 49.
For the hover bob-up, B80-knot steady turn, B80-knot steady climb, B0 and 130-
knot decelarating turnz and 140-.knot pull-up, the MOE ie battar wvhen it s
nuzmerically higher. For theee cases a minimum acceptable manzuver result and
a desired result for s highly agile and maneuverable helicopter were defined.
Thasa wminimum and dasirad results wvere based on discuesions with Sikoreky
pllotsi and by revieving the GenHel asneuver raeults thamealvac., Tha intant
vae to scale the scores so that moet of the helicopters would fall between the
ainimum and dasired raeults snd so that tha daeired value would represant
future raquirements. The minimel value vss assigned & score of zero whila the
desired valua had & score of 100. Tha score for the maneuver was linearly
interpolatad between theea two values besed on the naneuver result, 1f tha
naneuver MOE was less than the minimal value, it vss given a zaro scora, not a
negative one. On the other hand, Lf the meneuver reeult wae better then the
desired vslua, & score greeter than 100 wvss allowed.

For tha zaro to B80-knot acceleratione, the corrasponding decaleratione and tha
hovar turn, tha MOE wvae time to complates tha mznauvar, so a nuserically lowvar
MOE {e a better reeult. In thie case a =mazimum value for the maneuver was
dafined and givan a zaro score with the dasired valua again having a ecora of
100. Again, tha scoras wvara & linear interpolation betvaan tha desirad and
maximum valuee. Timee higher than the maximus valus wvara aesignad a zaro
scora, but onae lowar than the daeirad valua wvara allowvad their intarpolatad
acorae. Tha valuea for minimum or maximum and daeirad rasulte for each
manauvar ara ehovn in Tabla 7. 1n addition, the ecoring aquation for eech
meneuvar is slso praeentad.
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HIGHER M.Q.E. IS BETTER (Tum Rate, Load Factor, efc.)

100

SCORE

MIN ACTUAL DESIRED
MOE.

OWER M.O.E. IS BETTCR (time)

SCORE

DESIRED ACTUAL MAX
MOE.

Figure 49. Maneuver Scoring Kethcdology
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TABLE 7. MANEUVER SCORING EQUATIONS

MANEUVER MINIMUM DESIRED HAXIMUM SCORING EQUATION
1. HOVER BOB-UP 500 fpm 2000 fpm - - . S=[ (ROC-500)/1500]*100
2. 0 TO BO KT ACCEL - .- 9 sece 14 secs S= 100 - [(T-8)/6)%100
3. B0 Tu 0 KT DECEL - - - 12 secs 12 eecs 5= 100 - [‘T-12)/6]*100
4, BO KT STEADY CLIMB 1000 fpm 4000 fpm - - - S=[ (ROC-1000)/3000]*100
5. 80 XT STEADY TURN 1.6 g'e 2.6 g's - - - S=[(Nz-1.6),/1.0)*100
6. B0 XT DECEL TURN 20 deg/eec 45 deg/eec - - - S=[(PSID-20)/25)*100
7. 130 KT DECEL TURN B deg/sec 20 deg/sec - - - S=[ (PSID-8)/12]*100
8. 140 KT PULL-UP 1.5 ¢g's 2.75 g's - - - S=[(Nz-1.5)/1.25]+%100
9. HOVER TURN - - - 3.5 sees 8.0 ssce S=100-{(T-3.5)/4.5]*100
Pelghting Jacrors

It {3 clear that different manesuvers have different levels of importance,
depending on the mieeion. For example, the hover bob-up le not very important
in air-to-alr combat, but it {e critical in NOE flight. The M/A Phase I study
(Reference 1) contained pilot ratings of each of tha nine maneuvers for four
different mission slements - air-to-air combat, air-to-griund combat, nap-of-
the-sarth and contour flying. These ratinge were based on a poll of 13 pilots
and assigned a value of 1 for most critical, 2 for moderately critical and 3
for least criticel. The resulte ers e¢hown {n Table 8 aslong vith & conversion
equetion which changed these pllot vstings into weighting factors. The
veighting fsctor wes scsled from zero ro 1.0, with 1.0 being most beneficial
and 0.0 being not {mportent,

Overall, the reeulte luok very reasonable. A bar graph chart of the resulting
weighting fectore is shown in Figure 50. The hover bob-up, for example, got a
wvelghting factor of 0.1 for ATA combst, but 1.0 for NOE flying. Conversely,
the 140-knot pull up hae & welghting factor of 0.9 in ATA combat but only
0.05 in NOE flight.

By taking the maneuver scores and filrering them through the wvei{ghting factoras,
an sssessment of the overall M/A charscterietice of the helicopter can be made
together with its capsbility in varioue flight modss.
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TABLE 8. NM/A WEIGKTING FACTORS DERIVAT1ONR

M1S510K8
MANEUVER ATA ATG NOE CONTOUR
PR WF PR WF PR WF PR L1
- 1. HOVER BOB-UP 2.8 0.10 1.8 0.60 1.0 1.00 2.1 0.45
2. O TO 80 KT 1.2 0.90 1.7 0.65 1.4 0.80 1.7 0.65
4 ACCEL
' 3. 80 TC OKT 1.6 0.70 1.9 0.55 1.4 0.80 1.7 0.65
DECEL
4. 80 KT CLIMB 1.3 0.85 2.1 0.45 2.3 0.35 1.5 0.75
5. 80 KT STEADY 1.6 0.70 2.1 C.45 2.5 0.25 1.6 0.70
TURN
6. 80 KT DECEL 1.9 0.55 1.5 0.75 1.7 0.65 1.7 0.65
TURN

7. 130 KT DECEL 1.2 0.90 2.0 0.50 2.8 0.10 1.8 0.60
TURR

8. 140 KT PULL-UP 1.2 0.90 2.0 0.50

L% ]
L
(=)

.05 1.9 0.55

9. HOVER TURN 1.9 0.55 1.5 c.75 1.0 1.00 2.4 0.30

PR = pilot rating
WF = weighting facrtor

WF = 1.00-[(PR-1)}* 0.50)
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Alrcrafc Scores and Ratings

The resulting M/A scores end retings ere presented in Tebles 5 to 23. The
first ten tables cover the eight alrcraft etudied with the UH-60A end AK-64A
evalueted at both their AACT weights and their BDGW. The next five tables
cover the Mi-28 parazetric study.

Each tsble provides a list of the nine meneuwvers, the maneuver MCT result the
besic score for that maneuver based on the scoring equations of Table 7 end
the scores for each of the four mission elements celculated by using weighting
factors of Table B. For example, in Table 9, the UN-60A et its AACT gross

weight achieved 2.45 g's in the 140-knot pull-up. The scoring equation for
this maneuver is:

S = [{Nz - 1.53/1.25] * 100
In this case the UH-60A gets « score of 76.00 for this maneuver.
The weighting fectors for the four mission elements are:

ATA = 0.90

ATG = 0.50

NOE = 0.0%
CON = 0.55

As e consequence, the scores for each of these elements is the besic score of
76.0 times the welghting fector, or:

ATA  0.76 * 0,90 = 68.40
ATG = 0.76 * 0.50 = 38.00
NOE ~ 0.76 * 0.05 « 3.80

CON = 0.76 + 0.55 = 41.80

After the scores for besic maneuver end the four mission elements ere eaveil-
eble, the ratings can be celculeted by taking the sum of the scores for a
mission element end cividing by the sum of the weighting factors. Fuyr ezan-
ple, the AACT UH-60A hes a totul score of 400.45 for the ATA elerent, the sum
of the ATA weighting fectors is 5.20, so the ATA M/A reting s (400.45/5.20)
or 77.01. The same procedure {s followed for the besic deta and for the other
misaion elements. Thus, the resulcting M/A rating for the AACT UH-6CA are:

BASIC = 77.54
ATA = 79.01
ATGC = 77.01
NOE = 76.36
CON = 76.99

Before proceeding further, it should b2 ncted rhat the M/A retings reflect the
results of rhe simuletion maneuvers e.. are {utended to be gstizazors of eech
eircrafe intrinsic maneuverability and ag lity charazteristics. These rerings
ere the result of nine discrete mansuver: ‘lovm with an automatic ~ontroliler.
Il eny one of the alrcraft studied were to oe flown through these same maneu.
vers, the results could be better or worse. The compiter simuletion wmodels
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are good replicas of the helicopters, but not exact. A pilot flyiug one of
the maneuvers might not control the aircraft as precisaly as the automatic
controllers in the computer simulation, but he would also not be tightly
limitsd by ths censtraints. The actual flight test rssults might be slightly
better or worse then these predictions. In addition, ths intrinsic M/A
charactsristics of the helicopter maks only a partial contribution to mission
success. Obviocusly, pilot training, sensor capability and wsapon lethality
ars also very important parts of mission capabilicy.

The simulation rssults will bs discussed belov on an alrcraft-by-aircraft
basis.

UH-£0A BLACK HAWK

The AACT wefight BLACK HAWK (Table 9) had the bast overall resuits, with a
basic M/A r-ting of 77.5 and ratings for the other flight regimus that varied
from 79.0 for ATA to 76.1 in NOE flight. This hLelicopter did not necessarily
have the best results for each mansuver. Rathsr, 1its capabilities wsra
consistsntly good for all nins maneuvsrs. This rssult can be attributed
primarily to the light AACT test weight. Whsu the BLACK HAWK was evaluated at
fts more typical BDGW of 16,825 pounds, the basfc M/A rating dropped to 36.9
with a variation bstween 55.9 and 61.3 for the various mission slsments as
shown in Tabls 10. The BIACK HAWK basiceclly has both ample power and an
excsllsnt rotor, so it doss vell et low, mid, and high spesds. Jta M/A ratinge
are vary similar for ell of ths four mission zlemsnts.

FERLT.)

Being e civil alrcraft, the 5-76A ended up with a 35.8 basic M/A :ating. This
helicoptsr performed best in hover snd at low speeds. For exarple, the ATA
rsting was J4.8 whils the NOE rating was 44.9 as gshown {n Tabls 11. The §-76
does fairly well at low spesds since {ts high power loading {s compsnsated for
by the rslatively low disk loading. At high speads, howevsr, th: rotor thrust
cepab{liity (s {nadequate to allow good mansuver rssults. The rotor was
optimizsd for ths cruiss condition of a civil transport, not for high cansu-
vsrabilicy.

CH-S3E Super Stallien

For this evaluati{on, the CH-5)E was flown at its BDGVW welght of 56,000 pe.ds
snd at 105 psrcent rotor speed. For this configuration, the Super Sis .'un
had a M/A rsting of 57.4. In ths contour regima, the score went up '« ;.3
wvhile {t droppsd to 54.0 {n NOE condlitions es shown I{n Table 12. These 2ra
rumarkably good ratings for such s lsrgs sircraft. Howvever, if flown at 109
psrcent rotor spsed and higher gross wsights, one would sxpect the scores to
be significsntly reducad. The Super Stallion has both a low power losding and
high solidity. The large amount of powsr compensstss for the high disk
loading at low speeds while the high solidity provides good thrust amargin at
high speads. The reasonably good scores achieved by this large helicopter
in¢!{cate that the 9 maneuvers chosen tend to eaphasire maneuverability rather
than agilicty.
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Al-64A Apsche

The AR-64A (AACT) scores and ratings are shown in Table 13. For the heavy
AACT weight of 16,222 pounds, the basic M/A rating was 48.9, with the best
flight condition being NOE where the rating went up to 51.4 and the worst for
contour flying where the rating dropped slightly to 47.5. When flown at the
BDGW of 14,770 pounds, the maneuver results, scores and ratings all improved
considerably. The ratings were very consistent, with a basic value of 65.6
and an NOE rating of 67.0 while the rating was 64.9 for centour flight, (Table
14). Like the BLACK HAWK, the Apache features both ample power and an excel-
lent rotor designed to provide good maneuverability, Thus, the maneuver
results are good over low, mid, and bigh speed regimes. As expected, the
addition of about 1500 pounds (almost 10 percent cf the gross weight) degrades
the M/A ratings significantly.

The OH-38A (Table 13) was hampered by a maximum design level flight speed
limit of 120 knots. Thus it could not perform cither the 130-knot decelerat-
ing turn or the 140-knot pull-up and got a zero score for them. On the other
hand, it did very well in the hover bob-up. Overall, the M/A rating was 34.9,
but the variation with mission element was significant. The NOE rating was a
very good 48.81 while ATG was 37.1. In contour flying, the rating dropped to
31.9 and it was a lower 28.2 in ATA as might be expected. The Kiowa has a
very low disk loading and good power loading (with 420-shp) so it does well in
the low speed regime. Perfurmance at mid-speeds is hampered by low solidity
and high speeds are beyond its capabilities. Thus, it generazes a 20-point
spread in its M/A ratings.

TABLE 9. UH-60A M/A SCORING AND RATING SUMMARY (AACT)

UH-GOA  GW=14.685 Ibs (AACT} |
Ret, HP=2A28 l
[ - Merosver  (BASIC  JA/A A/G NCE CONTOR

Result Score Score Score Score Score

Mensuver

1. Hovet Bob-up' Mex ROC (M/men) 1710 8067 §.07' 48 40| 80 €7 36.30

2. Accel Hover 10 8L k's Time (sec) 8.3 95.00' 85 50 6175 76 00 6175

3. Decel BO kis to Kover: Time (sec) 14.71 5500 3850 3025 44 .00 35.75

4. 80 ki Steedy Cimb. ROC (fumin) 36620 B9 40, 7599  40.23] 3129 67.05

5. 80 k1 Slesdy Turn- N2 (Q'8) 23 7000 4900 3150 175G 49 00

6 80 xt Decel Turn: Turn Rate (depiseg) 333 53 2¢! 20 26 3900 J4 58 34 58

7. 130 &t Decel Turn: Turn Rate (Geg/sec 19 3] 0417 84 75 47 0B w42 $6 50

8 140 Wi Puil-up: Max NI (23} 245 Y600 &840  3B8.00 3 80 41 80|

9 Hover Turn: Time {sec) 42/ 84 44 46 44 63 33] B4 44 2533
Totel |  697.88. 4859t 400 45 38170 408 06
Avg Factor ! 90 515 520 5 00 530
Raiing 77 454 79 03 77 01 76 34! 6 99
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TABLL 10. UH-60A M/A SCORING AND RATING SUMMARY (BDCW)

UH-50A GWa16,825 Ibs (BDGW) ! |
Rel. HP=2828 )
Maneuvar  |BASIC AlA AIG NE oMo
Results Score Score Score SCOrE Score
Mansuver
1. Hovar Bob-up: Max RCC (fvmin} 1327 55.13 5.51 33.08 55.13 27.81
2. Accel Hover 1o 00 kis: Tima (sec) 8.8 70.00 £63.00 45,50 56.00 45.50
3. Decei 80 kis to Hover: Time (sec) 13.6 73.33 51.33 40.33 58.67 47.67
4. B0 X1 Steady Climb: ROC (t/min) 3022 67.40 5§7.29 30.13 23.59 50.55
S. 80 ki Steady Turn: NI (g's} 1.98 318.00 26.60 17.10 9.50 26.60
6. 80 k1 Decel Turn: Turn Rate (deg/sec) 26.9 27.60 15.18 20.70 17.94 17.94
7. 130 kt Decel Turn: Turn Rate {deg/sec 15.1 50.17 53.25 29.£8 5862 35.50
B. 140 ki Pull-up: Max NI (g's) 2.08 44.00| A8.60 22.00 2.20 24.20
9. Hover Turn: Time {sac) 4.5 77.78]  42.78] 5833} 717.78 2333
Total 512,41 154.54! 296.96] 306.72 295.10
Avg. Fector 9.00] 8.15! §.20 §.09% 5.30|
Ralng 56.93' 57.65  S7T.91]  61.34 £5.87
TABLE 11. 5-76A M/A SCORING AND RATING SUMMARY
S 76~ GW=8925 Ibs
Ref, HP=1300
Maneuver [BASIC AlA AIG NX CONTCLR
Result 1Score Score Score Score Score
Menguver |
1. Hover Bob.up: Max ROC (t/run) 10201 J4.67. 3.47 20.80 34.67 15.60
2. Acce! Hover to 80 kis' Time {sec) 11.11 48.33 4350, 31.42] 3867 31.42
3. Decel 80 kis 1o Hover: Time (sec) 15 50.00 35.00[ 27.50] 40.00 32.50
4. A0 ki1 Steedy Chmb: ROC {/min} 2584 52 80! 44 83 23.76 18 .48 39.50
S 80 kt Steady Turn: Nz i3's) 1.8 20.060, 14 .00 9.06 5.00 14.00
8. 80 k1 Derel Turn Turn Rare (deg/sec) 23 12.00i 6 60 $.00 7.80 7.80
7. 130 K1 Decel Turn: Turr Rats (deg/sec 10.2 18.330  16.50 9.17 1.83 11.00
8. 140 It Pull.up: Max NI ig's) 1.6 8.00 7.20 4.00 0.40 4.40
9 Hover Turn: Time (sec) 45 77.78 42.78 £6.33 77.78 23.35
Totel 321,911 213.821 182.08] 224.62 179.65
avg Factor 9.00( 6.15 5.20 £.00 5.30
Rating i A5 17| 34.781 37.11 44 92 31.90
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TABLE 12, CH-53E M/A SCORING AND RATING SUMMARY

CH-SJE  GWa56,000 Ibs
Rel, HP-1223%
: Mansuver (BASIC AlA AIG NE CONTOLR
Rasult Sco‘e Score Scare Score Score
- Mansuvar
1. Hover Bob-up: Max ROC (tumun} 1244 49.60 4.96 29.76 49 60 22 32
2. Accel Hovor to 80 kis: Time (sec) 9.6 73.33 66.00 47.67 58.67 47.67
' 3. Decel B0 kis to Hover. Time {sec) 12.6 90.00 63.00 49.50 72.00 58.50
4. 80 ki Steedy Climb: ROC {fUmin) 343) 81.10 68.94 36.50 28.19 650.83
5. 80 W Steady Turn: Nz (g's) 1.91 31.00 21.70 13.95 7.7% 21.70
. 6. 80 it Decel Turn: Turn Rate {deg/sec) 36.5 66.00 36.30 49.50 42.90 42.90
- 7. 130 k1 Decel Turn: Turn Rate (deg/sec 18.3 65.83 77.2% 4292 8.58 51.50
8. 140 ki Pull-up: Max Nz (g's) 2 40.00 36.G6 20.00 2.00 22.00
9. Hover Turn: Time (sec) 8.8 0 00 0.00 0.00 0.N0 000
Total 516871 374151 239.79] 269.89] 327.41
Avg. Factor ! $.00! 6.15 .20 5.60 5.30
Rating I 5743 6084 5573] s368 61.78

TABLE 13. AH-05A M/A SCORING AND RATING SUMMARY (AACT)

AH.644  GWa15,22: ibs (AACT)
He! +iP=2784
Mansuver |BASIC AlA AIG NJE CONTOLR
| Resuit Scors S:ore Score Score _ iScore
Maneuver i }
1. Hover Bob-up: Mex ROC (himin) 1140 4267 4270 2560 4267 19 20
|2_Accel Hover to 80 kis' Time (sec) 123 28.33 2550 18.42 22 67 18 42
3 Dece! 80 kis to Hover. Tume (sec) 137, 7167 5017 39.42] 7.33 46 58
. 4 80 Wt Stendy Cimb ROC {Rimin) 2622 5407 4596 2433 1892 40 55
v 5_80 K1 Stsady Turn Nz {g's) 1.88 2800 19 60 12 60 ? 00 19.60
6 80 ki Decel Turn' Turn Rate (deq/sec) 30 4! 41 60 22 88 31.20 27 04 27 04
7. 130 kt Decel Tuin_ Turn Rate (deg/sec 157 6417 57.75°  32.08 642, 3850
8. 140 K1 Pull.up: Max NI (g's) 195 3600 32.40.  19.00 1.00] 19 80
, § Hover Tutn: Tume (sec) ; 4.7 73 33 4033 45000 7333 2200
Tote! T 42983 29885 25665 257 A 251 68
Avg Fuctor $ 00 615 5 20 5 00 530
Rating 45 87, 45 59 49 361 51 44 47 4%
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TABLE 14.

AH-64A M/A SCORINC AND RATING SUMMARY (BDGW)

AH-61A  GW=14,770 (bs (BOGW)
Rel. HP <2784
Mansuver  (BASIC ATA A/G NE CONTOLR
Result Score Score Score Score Score
Maneuver
1. Hover Bob-up: Max ROC (h/mun} 1450 63.33 6.33 38.00 £§3.33 28.50
2. Accel Hover 10 80 kis: Tima (sec) 10.3 61.67 55.50 40.08 49.33 40.08
3. Decel B0 kts to Hover: Time (sec) 134 76 67 53.67 4217 61.33 49.82
4. BO ki Sweady Climb: ROC (fmin) 2048 64.93 55.19 20.22 22.73 48.70
5. 80 k1 Steady Turn: N2 (q's) 2.08 48.00 33.60] 2v.60] 1200 33.60
6. 80 W1 Dacel Turn. Tuin Rale (degq'sec) 359]  60.40 33.22] 4530[ 3926 39.26
7. 130 k1 Decet Turn: Turn Rate (deprsec 18.1, R4.17 75.75 42 08 8.42 50.50
B. 140 %1 Pull-up: Max Nz (g's} 2.2 56.00 50.40 28.00 2.80 30.80
9. Hover Turn: Time {sec) 46 7556 41.56] st €] 7556 22.67
Total £00.72 405.22] 34312[ 334.76 J4].94
Avg Fector! 9.00] 615 520 500 5.30
Rating | 65.64! £5.89 65 98 66 95 64 89
TABLE 1%5. OH-58A M/A SCORING AND RATING SUMMARY
OH-58A _ GWs2 750 Ibs !
Al HPw420
Maneuver |BASIC ATA A/G NE CONTOLR
Qesult Score Score Score Score Score
Mensuver i 4
1 Hover Bob-up. Max ROC (Rruny 165¢C 76 67 rarl 46 00 16 67 34 50
2 _Accel Hover 10 BO kis Time (sec) 11.5 41.67 37.50 27 08 33.1] 27.06
3. Decel 60 kis 10 Hover: Time (sec) 16 33.33 23.13 18.3) 2667 21.67
460 kt Steady Climb. ROC {h/rmun) 2195¢ 9.3 31.36 17.93 13.04 29.68
S B0 ki Steady Turn NI {g's) 187 27.¢0 1¢ 90 12.15 675 18 80
€ 80 X1 Decel Turn Turn Fate (degsec) 26 24 00 1320 18 00[ 1560 15.60
7 130 %1 Decel Tw#n Turn Fate (deg/tec 0; 0.00 0.00 0.00 000 0.00
B 140 i1 Pullup' Mex NI (93] a[ 0.00 000, 000 0 00 0.00
@ Hover Tum' Time (sec) 40 71.1% W11 5333 71.11 21.3)
Totet 31361 173 57 19283 24407 138 96
Avg Facior 9.00 615 520 6 00 § 30
RAeting 34 85 26 22, 37 08 48 81 31 00
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Ali-15 Cobra

The AH-1S performance waa average, hampered by a high power loading. The
results, as shown in Table 16, are reasonably ronsistent for the various
flight conditions. NOE is best with a rating of 44.6 while contour is worst
at 40.9. A basic rating of 42.4 was schieved. In the low speed regime, the
Cobra's low disk loading was compromised by its high poyer loading so the
maneuver results were lackluster. At high speeds, low solidity and
somewhat high blade-loading reduce its ability to do well in the &aneuvers.

SA-260N Daupiiln

The Dauphin, designed as & civil aircraft, did not receive very good scores in
comparison to the other aircraft in the study, Its overall M/A rating was
36.5, although the NOE rating was 47.5 as ahown in Table 17, The lowest
score, 35.2, was obtalned for contour flying. YHowever, in AACT IV the SA-365N
did very well by making use of its large sideslip envelope. This allowed it
to make very quick mid-speed pedal turns. None of the nine maneuvers of this
study evaluated that capesblilicy. This suggests tha: a large sideslip turn
should be added to the maneuver list. Overall, the Dauphin was much lilke tne
$-76. As a clvll alrcraft, it is optimized for the high-speed cruise condi-
tion. As a consequence, It has both high 4isk loading and high blade loading
while its power loading is only average. The unique attribute of the Fene-
stron to allow high sideslip angles at high speed should be noted, however.

e \Y

The baseline HAVOG (Table 18) was flown at a gross welght of 22,894 pounds.
This weight was provided by Soviet delegates at the 1989 Paris Alr Show and
validated using existing Slkorsky parametric methods as noted in Appendix K.
The rotor tip speed, also provided by the Soviets, Is a typically modern 715
feet per second. Yavw lnertia wvas estimated using the methodology outlined in
Appendix ¢. The HAVOC was a solid mid-pack aircraft with an overall M/A
rating of 52.3, The NOE rating was higher at 62,8 while the ATA rating was
only 50.7.

Parametrically, increasing vower improved the ratings as shown in Tables 19
and 0. Increases of 400 and %00 shp were evaluated for the hover bob-up,
acceleration from hover to B0 knots, the B80-knot steady cliub and 80- knot
steady turn. The 900 shp increase resulted in an improvement Iin basic M/A
rating from 52.3 to 59.2. The NOE M/A rating {mproved by almost eJgsht -~oints
to 70.1 while the ATA value improved by six points to 56.2. The intei r.'iate
case of a 400 shp increase resulted in racings hetween the baseline and the
900 shp case. The hover bob-up showed a fairly linear variation with
increased power, as dia the 80-knot climb, HMHowever, the 80-knot turn showed
clear evidence of rotor stall, so the increased power w-s not usable.
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Reter speed increase to 105 parcant (Tahle 21) was avaluated in the 8C-and 130-
knot decelarating turns and the l40-knot pull.up. As might be expezted, this
improved tha ATA score by 6.4 pointa. The ATG score showed less improvement,
5.4 points, vhile the NOE and contour scores increasad by 2.2 snd 5.5 points,

respectively.

Varying yaw inertia by plus and minua 10 percent changed the hover turn scoras
significantly. The increased inertia casa (Table 22) took 0.23 second longer
to~ : the 180-degree turm. and decreased the hover score from 66.7 points to
61. For a decrease in yaw inertia, the maneuver score improved to 72.2
points as a result of a .25 second improvement in the time to turn (Tsble 23).
However, sinca the M/A rating is tha avaraga of all nine maneuvers, thasa
significant changes in the hover turn scora only change the M/A rating
slightly. The increass inartia case reducas tha basic rating by 0.6 point
and the decreased yav inertia case only incresses it by the same amount.

The baseline HAVOC at 22,894 pounds is averaga in its disk loading, blada
loading and power loading. As a consequence it tends to gat good scores over
the whole speed range, but not high ones. The only exception was the decelera-
tion from 80 knots to hover where its high drag and relatively high disk
loading geve it a score of 115.

After the paremetric study was completed, Sikorsky pllots reviewed a copy of
the daca. They noted thet the weight of 22,984 pounds represented a high
welght, alr-to-ground configuration for the HAVOC and that it could fly an
air-to-air mission at a much lighter weight. A weight analysis, discussed in
Appendix K, irdicated that an air-to-air configuration would have a gross
waight of around 20,000 pcunds. Time was not available tu run a full set of
GenHel maneuvers at this lighter weight, but a empirically based estimate of
M/A ratings was mede and {s presented {n Appendix L.

Soncluding Observations

Overall, the first observation to emerge from these rasults is that aach
aircraft possesses its own “signature” of characteristics. Secondly, the usa
of simple parameters like disk loading or blade loading can gi~e insight to
the maneuver results, but not predict them. The modern Army helicopters
(UH-60A, AH-64A) designed with anple power to provide altitude capablility and
with good maneuverebility do very well in this study, as expacted. Tha civil
alrcral:- ’S-76A, SA-365N) do very poorly as they were optimized for high speed
cruise and not for maneuverability. The >lder generation of Army helicoptars
(OH-58A, #:°-15) tended to fall between the first two. The CH-53E does surpris-
ingly well but it wae flown at a moderate weight andi at 105 percent rotor
speed. The fact thet the Super Stellion does well is an indicatior. that the 9
selected maneuvers asphasiza wmaneuverability ovar agilicy. The MHi-28 at
22,984 pounds is only a fsir peiformer. In all cases, a sign.flcant reduction
in gross welght leads to significant improvement in the M/A srores.
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TABLE 16.

AH-1S M/A SCORIRG AND RATING SUMMARY

AH-1S  GWe9.620 lbs
Ref. HP=1290
Maneuver  |BASIC AlA A/G NCE CONTOLR
Result [Score Scare 'Score Score  [Score
Mansuver | | t
1. Hovar Bob-up: Max ROC (fvmin) 7761 18.40° 1.84)  11.04] 18 40 8.28
2. Accel Hover 10 80 kis: Time (sec) 12 33.33; 30.00 21.67 26.67 21.67
3. Decel 80 kis 10 Hover: Time (3ec) 13.5 75.00 £2.50 41.25 60.00 48.75
4. 8C ki Steady Climb: ROC (/min) 2127 37.57 31.93 16.91 13.15 28.18
5_80 kt Steady Turn: Nz (g's) 1.89] 29.00 20.30 13.05 7.2% 20.30
6. 80 kt Dacel Turn: Turn Rale (deg/sec) 27 28.00 15.40 21.00 18.20 18.20
7..130 &t Cecel Turn: Turn Rate (deg/sec 12.15 34.58/ 31.13 17.2¢ 3.46 20.75
8. 140 k1 Pull-up: Max Nz (g's) 215 52.00  46.80]  26.00 2.60 28.60
'_9_ Hover Tum: Time {(sec) 4.7 7333 40.32 55.00 73.23 22.00
Totai 81 22 270.23 22320 223.06 216.72
Avg. Fector 9.00 6 1% 5.20 £ 00 530
‘Rating 42.36 43 94 42 92 44 61 40.89
TABLE 17. SA-365K M/A SCORINC AND RATING SUMMARY
SA-J65N.1  GWaB,750 Ibs
Mansuver  IBASIC AlA A6 NCE CONTOLR
Result ‘Score Score [Score Score Score
Ma~guver ; A '
1 rover Bob-up. Max ROC {fvmvn) 849 23 27 233 13 96 23 27 1047
2. Accel Hover 10 B0 kis: Tine (sec) 11.2, 46 67, 42 00 30 33 37.33 30.33
3 Decel 80 ki3 1o Hover: Time [sec} 12.7. 88.33 61 83 48 58 7067 57 42
4. 80 x1 Steedy Ciimd ROC (humin) 24232 47 74 40.571 21 481 16 N 35 80
5. 80 k1 Stewdy Turn. NI (g's] 1.7, 11 00 770 4 9% 2.7% 7.70
6. 80 k1 Decel Turn Turn Rate {deg'sec)! 235 14 00 1.70 10 50 910 910
7. 130 k1 Decet Turn. Turn Rate (degsec 1.6 21 67 1950 1083 217 13 00
8. 140 &t Pull.up” Max N2 (g's) 1.5 00 000 0 00 0 00} 000
(0. Hover Turn' Tume {sec) 46 15 56 41 8¢ 5667 75 56 22 67
Tola! 328 22 22319 197 311 237 851 186 49
Avg Factor 8 00 615 520 5 0] 530
Ratng (36 47 36 29 3794, 4751 3519
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TABLE 18.

Mi-28 M/A SCORING AND RATING SUMMAEY (BASELINE)

Mi-28  GW=22,984 bs (Br .eline)
Ret, HPa 4400
Mansuver |BASIC AlA AIG NCE CONTOUR
Result Score Scare Score Scare Score
Maneauvar
1. Hover Bob.up: Max ROC (tUmin) 1400 60.00 6.00 36.00 60.00 27.00
2. Accel Hover 10 80 kis: T me (sec) 10.5 58.33 52.50 I7.92| 46.87 37.92
3. Decel BO kis 1o Hover: T.me (sec) 11,05/ 115.83 81.08 63.71 92.87 75.29
4. BO it Steady Chimb: ROC (tumin} 2467 48.90 41.57 22.01 17.12 36.6)
5. 80 ki Steady Turn: NZ (g's) 1.83 23.00 16.10!  10.38 5.75 16.10
6. 80 k1 Decel Turn: Turn Rate (deg/sec) 273 9.20 16.06 21.%0 18.98 18.98
7. 130 k1 Oncel Turn: Turn Rate (deg/ssc 14.31 52.58 47.3] 26.29 £.26 31.55
8. 140 ki Pull-up: Max Nz (g's} 1.7 16.00 14.40 8.00 0.80 8.80
$. Hover Turn. Time (sec) 5 66.67 36.67 50.00 66.67 20.00
Total 470.52]  311.70; 276.17] 31390 272 31
Avg. Fector 9.00! 6.15 520 5.00 5.30
Rating 52.280  50.68 5311 62.78! 51.38

TABLE 19. Mi-28 M/A SCORING AND RATING SIMMARY (400 shp increase)
Mi28  GWa22.984 Ibs {+420 shp ) t
Ral. HP= 4800 ;
Maneuver  !BASIC AlA AiG NCE CONTUUR
Resull Score Score Score Score Sccre
Meneuver
1. Hover Bob-up: Mex ROC {/min) 1588 72.5) 7.25 4].52 72 53 32.64
2 Accel Hover 1o B0 kis Time (sec) 10.23 £2.83 56.55 4084 5027 40.84
3. Decel 80 Kkis to Hover' Time (sec) 11.05. 115.83] 8108 6371 9287 75.29
4 80 ki Steady Chmb: ROC (tumin) 2884, 6280 §3.38) 2826 2198 47.10
5. 80 k1 Steedy Turn: N2 (g'8) 1.87¢ 27.00 18 0 12.15 6.75 18.%0
6. 80 ki Decel Tun: Turn Rate (deg/iec) 27.3 2020 16.06] 2190] 1898 18 28
[7. 130 kt Oecel Turn: Turn Rate {0° g/'vec 14.31)  52.58  47.33] 2629 526 31 55
8 140 Wt Pull-up: Max NI (') 1.7, 1600 14.40! 8 00 0.80 680
9. Hover Turn: Time (sec) 5/ 6687 36671 50000 6667 2000
Total 1 50545 33162 29467 33500] 290410
Avg Fector | 900! 615/ 5 20 560 530
Reting 1 5616 53192 S68&7] 6718 55 49
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TAELE 20.

Mi-28 M/A SCORING AND RATING SUMMARY (900 shp incrcase)

MI-28  GWe22,084 1bs (4300 sh,}
Rel. HP= 5300
Maneuver [BASIC AlA AIG NE CONTOLR
Resuit Score Score Score Score Score
Maneuver
1 Hovar Bob-up: Max ROC (tvmin) 1753 83.53 8.35 5012 83.53 37.59
2. Accel Hover 10 80 kis: iune (sec) 10.5 58.33 52.50 37.92 46.67 37.92
3. Cecel 80 kis 10 Hover: Time (sec) 11.08] 11583 81.08 [ XRA 0267 715.29
4. 80 K1 Steady Climb: ROC (tvmin) 3417 80,57  68.48] 3626] 2820 60.4
S 80 i1 Steady Turn: Nz (g's) 1.9 2,000 21.00 13.50 7.50 21.00
6. 80 kit Cacel Tumn: Turn Rate (deg'sec) 27.3 *9.20 16.06 21.90 18.98 18 .98
7. 130 Wt Gecel Turn: Turn Rate {deg/sec 14.31} 52.58 4/.33 26.29 5.26 31.585
8. 140 kt Pull-up: Max Nz {g's) 170 16.00 14,40 8.00 0.80 880
9. Hover Turn: Titne (sec) S G667  JEE7.  5000{ 667 20.00
Totel 532.72) 145.87, 307.68] J50.27 311.55
Avg. Fector | 9.00 6£.15 5.20 5.0C 5.30
Reling I 89191 56.24 5917 7005 58 78|

TABLE 21. Mi-28 M/A SCORING AND RATING SIMMARY (105% Nr)
M:28 GWa22.584 Ibs Nra105% i |
Ralr HP+ 4400
Maneuver  |BASIC AiA A/G NE CONTOLR
Hesult Score Score (Score Score Score
Mensuv.s i
1 _Hcver Bob-up Mex ROC (Rimun) 14001 60 00 6 0C 36 00 €60 oC 27 0C
[2_Accel Hover to 83 kis Time {sec) 105 5833 $2.5C 7 92 46 €7 37 92
3 Decel 80 k1t 10 MHover: Time (sec) 1108 115 83 81 08 6171 9267 7529
4 80 W1 Steady Chmb ROC [fumein) 24571 4890 4157 2201 1712 16 68
5. 80 k1 Sweady Turn Nz (o's} 183 29 00 16 10 19 35 575 16 10
6 80 Kkt Decel Tum Turn Rats (degisec) 30.6 4240 2332 3183 275ss 27 56
7 130 x! Ceca Turn Turn Rate (deg sec 16 8§ 70 8] 63 75. 35 42 7.08 42 53
8 140 ki Pultup Mex NI (g's) 192 3360 3024 16 80| 168 18 48
9 Hover Tuin: Tume isec) S 6667 36 67 5000 6667 20 00
Totet | 51957 35123 104 00 2325 19( 30162
Arg Factor | 9 09 6§15 520 5 00 530
RAatng ] 57.73 §711. S846, 6504 56 0%
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TABLE 22.

Mi-28 M/A SCORING ARD RATING SUMMARY (+10X Izz)

MI-28 GW=22.984 b (1Z+74707 slug-h*2}
Rel. HP= 4400
Maneuver  18ASIC ATA AIG NCE CONTOLR |
Result Scote Score Score Score Score
Maneuver
1. Hover Bob-up: Mex ROC (fUmin) 1400 60.90 6.00 36.00 60.0C 27.60
2. Accel Hover to B0 kin: Time (sec) 10.5 $8.33 52.50 37,921 46.67 37.02
3. Decel B0 Kis 10 Hover: Time (3ec) 11.058 11583 81.08 63.71 $2.67 75.29
4. 80 ikt Sieady Climb: ROC {t/min) 2467 48.90 41.57 22.00 17.12 J6.68
5. 60 Wt Steedy Turn: Nz (g's) 1.83 23.00 16.10 10.3%) £.7% 16.10
6. 80 k1 Dersi Turn: Turn Rate (deg/vec) 27.3 20.20 16.06 21.90 18.98 18.98
7. 130 k1 Dece! Turn: Turn Rale {deg/sec 14.21 §2.98] 47.33 26.2¢9 $.26 31.5%
8. 140 k1 Puli-up: Mas Nz [g'y) 1.7 16.00] 14.40 6.00 0.80 6.80
9. Hover Turn: Time {sec) 52) 61.56! 33 86 46.17 61.56 18 &7
Tote! 465 41 3068.89) 272.)4] 308.79 270.78
Avg. Factor | .00 6.15 5.20 5.00 5.0
Ring | 2t 50.2) £2.371 6176 £1.09

TABLE 23, M1-28 M/A SCORINC AND RATIRC SUMMARY (-10Y Izx)
Mi-28 GW=22.984 i (12-61124 siug h*2) .
Ref. HP e 4400
Maneuver |BASIC AlA AIG NE CONTOUR
Result Score 1Score Score Score Score
Meneuves } |
1. Hover Bob-up' Mex ROC {mmen) 1400 6000 6.0 3600f 600C 27 _c0]
2. Accal Hover % 8C kts: Time {sec) 10.8  58.3) 5283 37921 4667 1792
3 Dwecel 80 kis w0 Hover. Time (sec} 11.08) 115,83 $108) &3] w267 7529
4 80 X1 Stesdy Chmbd. ROC [Rimun) 2467 46 90! 41,870 2201 1712 36 66
$ B0 nt Steady Turn NI {g') 18) 2300 16100 10 38 575 1610
6 60 ki Decel Tum Tum Rate {deg'aec) 2730 2020 16080  21960] 1598 18 96
7. 130 &t Decel Turn. Turn Rate {deg/tec 14 21 £2.56,  47.331  26.29 526 31 5%
§ 140 W1 Pull-up Max NI (g's) 1.7 1600 14.40 1) 0 80 § 80
9 Hover Turn Tune (vec) 475 1222 39720 sS4y 7222 2167
Totel {47607 31476 260 34] 319 46] 27396
Avg Factor | 00! 615  $2¢ 500 $30
Rating | 82900 5118 53010 63 sh 51 69
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SCORING OF AACT ENCOUNTELS

In order to correlate the results of the simulated maneuvers to the AACT data,
a aethod for scoring the AACT engagements was required. The methodeology
adopted consisted of the following:

1) Use the data of Tsble 6 to select those engagements where a firing
opportunity occurred.

2}  Review these engagements to determine 1 the firing opportunicies wvere
valid. As discussed below, there were meny engagements where the mathe-
matical criteria for a firing opportunity were achisved but the encounter
was not really wvalid.

3) Assign points to each valid firing opportunity based on range, angular
error and time In the firing wirdow,

4) Calculate a finsl score by summing of all points achieved by each air-
crsft during a test.

sSelection cf Valid Fixing COoportunities

A cereful review of the engcgement descriptions provided in Appendix J snhows
that meny of the mathematical firing opportunities were not really valid. For
example, many engsgements were initielized with the two helicopters approach-
ing one another on parallel, but offset, courses. Frequently, this would
result in one or even both of the aircraft maeting the firing window criteria
(range less than 1500 meters, angular error less than t 1 degrees) before the
actual engagemen: began. This, for example, is the case in zounters 208019,
208025, 302019 and 417008 of Table 6. Other non-valid cases include 208026
vhere the 5-76 never maneuvered after passing the UH-60A and ths BLACK HAWK
turned and achieved an easy firing window, and ;02018 where the engagement had
the AH-15 in a hover and the Apache simply approached vhile the Cobra ramained
stationsry. All of thase types of scenarios were delated from the AACT
scoring databasa. Of the 59 mathematical firing windows shown in Table 6, 27
were judged valid Vith cthese limited firing opportunities avallabie for
analysis, the datahas> was seatched 1o find engagements where wvalid firing
opportunities occurred with a five degree window. Only four such cases wera
found. Another concern was that all of the mathematical firing windows were
very short, typically a few tenths of a secona. Pllot comments indicated a
feeling that the windows were much longer. However, since there were no
gunfights in these aircraft, a pilot may have been in an excellent firing
position and had the capability of staying in the window, but the target may
have been in the mathezmatical window for orly a short time. Future AACT activ-
ities should 1include gunsights and weapon enulctors so the pilots can pre-
cisely position themselves and get feedback on their maneuvering, as was done
in AACT IV.
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It should be noted at this point that ths data originally supplied by the
Govarnment for the AH-64A versus SA-365N wera for engegemunts where the Apache
was simulating use of a turreted gun (countera 417001 to 417012). These data
wvere analyzed before the mistake was discovered. The correct data for fixed
gun engagements (counters 411009 to 411023) were subsequently provided by the
Goverrmment snd elsc analyzed, The resulting anslyses for both data sets will
be provi led herein for completeness, but only the fixed-gun date were used in
the correlation effort.

The final result was 31 valid mathematical firing oppertunities distributed as
follows:

AACT 1

S-76A vs OH-58A
6 cases

UH-60A vs OH-58A
9 cases

UH-60A vs S-76A
&4 cases + 3 cases for a 5-degree window

AACT 111

AH-1S vs OH-58A
1l case + 1 case for a S5-deg-ee window

AALT 1V

SA-365H vs AH-64A (fixed gum)
4 cases

SA 365N vs AH-64A {(turreted gun)
3 ceses
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Method of Assigning Points

Pointa were awarded to the attack aircraft in each valid firing oppertunity.
The method for assigning points {e ehown in Figure 51. The three major
factors in the calculation are minimum range, minimum angular error and time
in the firing window. It is clear that & large angular error at long ranges
15 ouch worse than the same error at short ranges. To assign points, the
"dispersion” of the boresight was calculated by taking the range times the
angular error in radians. A dispersicn coefficient was calculated ae one
ainus the logarithm of the dispereion divided by 8.73. This ecaling factor
wae set to give a value of one for a range of 500 metera and an angular error
of one degree. A time coefficient wae defined as the time in the firing
window divided by two. The point allocation ia the dispersion coefficient
timea the time coefficien: times 100. Thus, a firing window for two seconds
at a range of 500 metere with an angular error of one degree would achieve 100
points. CfShorter range, smaller angular error or longer time in the window

would increase the points and visa-versa. A points chart is shown in Filgure
52.

The alrcraft score for each test was the total cf ita points for all of the
valid firing epportunities.

AACT Scores

The AACT scores are summarized in Tables 24 to 29. Each table i{s for one
helicopter pair and lietsz the counter numbers, attack aircraft, victim air-
crafet, time in firing window, minimum range and minimum angle in firing window
and points achieved by the attacking helicopter. 1t ahould be noted that the
initial conditions for the encounters could have an impact on the ccoring.
Moat of the engagements wers "neutral®, with the aircraft flying towards »ne
another on parallel, offset courees. However, in some cases., one helicopter
or the other was given an “advantags® position, with the encounter initialized
with aircraft on the tafl of the other or one ai.craft in hover while the
other attacked. A table showingz the inftial conditions for sach enccunter is
provided in Appendix J, as are detailed discussions of each encounter.

Some aircraft pairs had many “valid® encounters, some had few. No effort wvas
ssde to nermalize the scores amongst ell of the pairs. However, in the
correlation effort discussed belov the scores of each alrcraft in e peilr were
nornalized by the total of beth afrcraft scores.

The results of the AACT analysia are reviewed below:

S-76A vs QH-S8A (Table 24)

A very uneven match. The Kiowa had one good window, getting 29.7 points, but
the 5-76 had five, including a long well-aimed one that netted 221.9 points.

Final score was 330 for the S-76A and 29.7 for the OH-58A. Notable are the
close ranges and generally short times ¢f the firing opportunities.
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EQUATIONS
Dispersi.n: D = Rangs (m)* Angls (dsg)/57.3
Dispersion Cosfficisncs: Dc = 1.0 - Log (D/8.73)
Time Tusfficient: T¢c = Time {(secs)/2
Score (points) § = Dc * Tc * 100
EXAMPLE
Range = B70 meters
Angle = .73 degrees
Tims = 0.5 ss-onds

D - B70 % 1.73/5.73 = ¢7.267
De = 1,0 - Log (26.267/8.73) = 0.5216
Te - 0.5/2 = 0.25

S - 0.5216 * 0.25 * 100 = 13,04 points

Figure 51. AACT Scoring Hethodology
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TABLE 24. AACT SCORING SUMMARY

{S-76A versus OH-5B8A)

Attack Victim Time Range Angle Scoze
Counter Afrcraft Alrcrafc (Secs) {a) (Degs) (Poi-tE)
23020 5-76a OH-58A 0.8 69 1.70 65.2
23020 OH-58A S-76A 0.4 147 1.11 29.7
23021 .- 76A OH-58A 0.6 357 2.21 26.1
23021 S-76A OH-58A 0.1 200 2.45 5.1
23032 §-76A OH-58A 0.2 86 2,47 13.7
23038 5-76A OH-58A 1.8 34G 0.20 221.9

9.
[
(5]




UH-60A vs OH-384 (Table 25)

Another very uneven match. Of nine windows, the Kiowa only got one. The
UH-60A final score of 265.4 represents consistent wins over the 30.6 of the
OH-58A. There was one engagement with a range of only 60 meters. The OH-58A
firing window was 1.8 seconds long but at a long range (1139 meters) so the
points count was small.

UB-60A ws S-764 (Table 26)

1In this case, the BLACK HAWK completely dominated the 5-7€A. There were four
original firing windows plus three more that were just outside the criteria.
The UH-60A was the attacker in five of these, getting 121 total points. The
S-76A only managed to get 6.3 points. One of its windows was at very long
range (1508 meters), the other had a large angular error (2 degrees). Note
that 1f the three additional data sets hed not been addad, the S5-76 scorte
would have been zero.

Ah-18 vs QH-58A (Table 27)

Only one regular firing opportunity was achieved by this palr. Another case
with a 5.2-degree angular error was added. Both involved the Cotra as the

attacking helicopter. The AH-1S5 received 17.8 points and the OH-38A received
none.

SA-265N vs AH-64A (AH-64A fixed gun) (Table 28}

This pair had four valid encounters, three won by the Dauphin, giving it a
score of 68.7 points while the single Apache firing opportunity netted it 34.3
points. However, the Apache points happened in an engagement where the
SA-365N also scored points. 1n fact, the afircreft turned in“o each othar and
the Dauphin got a 0.5 second window at 334 merers two seconds before the
Apache got a 0.4 second window at 194 meters. Both were counted for this
study, but it could be argued that since the Dauphin "shot”™ first, the AH-64A
firing opportunity should not be considered valid.

SA-369N vs AM-648 (AH-64A turreted gun) (Table 29)

Data for these cases should not really be considered since they were analyzed
as fixed-gun engagements but were flown with the Apache Iin a turreted-gun
configuration., Three firing windows were achieved, two by the AH-54A and one
by the SA-365N. However, one Apache case was at long range and the other had
a large angular error so the Dauphin got more points, & score of 30.6, com-
pared to the AH-64A with lu.1 points,
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TABLE 25. AACT SCORING SUMMARY

(UH-60A versus OH-58A)

Attack Victim Time Range Angle Score
Counter Afrcrsft Alrcraft {(Secs) m) {Degs) (Points)
27026 UH-60A OH-584 0.5 115 0.67 45.3
2702¢ UH-60A OH-58A 0.4 139 2.14 24.5
27027 OH-58A UH- 60A 1.8 1139 2.01 30.6
27027 UH-60A OH-58A 0.2 100 2.24 13.5
27027 UH- 60A OH-58A 0.4 107 1.10 32.6
27034 UK-604 OH-58A 2.9 589 1.91 94.0
27036 UH- 60A CH-58A 0.2 60 0.54 21.9
27037 UH-60A OH-58A 0.3 128 3.18 16.3
26038 UH- 604 OH-58A 6.3 160 2.20 17.2
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TABLE 26. AACT SCORING SUMMARY

{UH-60A versus 5-76A)

Attack Victim Time Range Angle Score
Counter Alrcraft Alrcraft (Secs) (m) {Degs) {Points)
208027 UH- 404 S-76A 0.8 1242 0.89 26.2
208027 UH-60A S-76A 0.1 139 .44 8.35
208019 UH-6CA S-76A 0.4 1467 1.70 6.0
208028 UH-60A 5-76A 0.7 89 3.4 42.6
208020* S-76a UH-60A 0.9 1508 2.70 4.0
208028%* UH-60A 5-76A 0.7 80 4.20 41.1
208028+ 5-76A UH-60A 6.% 810 5.0 2.3
*Did not meet firing window criceria, but close to boundaries

TABLE 27. AACT SCORING SUMMARY
(AH-15 versus OH-5BA)

Attack Victis Time Range Angle Scors
Counter Afrcrafc Alrcreft {Secs) (m) {(Degs) (Pointe)
3102013» AH-15 OH-58A 0.4 77 5.2 8.1
302013 AH-15 OH-5BA 0.2 191 2.8 9.7

*Did not meet firing window criteria, but close to boundaries
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TABLE 28. AACT SCORING SUMMARY

(AH-64A (fixed gun) versus SA-365K)

Victim Time Range Angle Score

Counter Alrcraft Alrcraft (Secs) (m) {Degs) {Points)
411011 AH-64A 0.2 59 1.21 18.5
411013 SA-365N 0.4 194 0.5 34.3
411013 AH-64A 0.5 339 0.67 33.6
411023 AH-64LA 0.3 287 1.3 16.7
AH-64A TOTAL POINTS 34,3 SA-365N TOTAL POINTS 688

TABLE 29. AACT SCORING SUMMARY

(AH-64A (turreted gun) varsus SA-365N)

Vietim Tiaw Range Angle Scors
Countsr Alrersft {Seaca) (m) (Degs) (Pointa)
417003 SA-JES5N 0.3 304 3.7 9.7
417003 AR-65A 0.6 251 1.9 30.6
417003 SA-3165N 0.4 1162 2.6 4.4

NOTE: Firing windows based on assumption of a fixed gun, howaver, testa flowr
simulating turrated gun on the AH-64A.

AH-65A TOTAL LQINTS 16 1 SA-36SN TOTAL POINTZ 30,6
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CORRELATION OF M/A ANALYSIS TO AACT DATA
DISCUSSION OF CORRELATION METHOD

The objective of this part of the study {s to compare results achieved by each

. helicopter in the AACT tests with the analytically derived M/A ratings. This
is done in two ways. First, the AACT derived scoring is compared directly
- with the derived M/A ratings. Where the two ratings are vastly different

explanations are offered. Secondly, the AACT test results are rationalized

based on a comparison of each aircraft’s level of the fundamental design
parameter.

The methodology used here i1z to compare the predicted ratio of successful

engagements to the actual. These successful engagement ratios are est nated
as follows:

1. For the predicted ATA performance, the M/A ratings of the two combating
helicopters are simply added and the success of each 1s token as its per-
centage of the total. For example, in the case of the UH-60A vs the 5-76

} {AACT TII) the M/A rating of each is

UH-60A - 79.0
s-76A = 34,8
113.8

This methodology implies that the UH-60A would be expected to win 79 out
of 113 .8 encounters or 69.4%. The 5-76A would be expected to win 34.8
out of 113.8 or 30.6X.

2.  Similarly for the AACT tests, the total score of each of the two combat-
ing helicopters {s added to establish a total potential score and the
percentage of points each achieved of chat total is the percentage of
winning engagement expected. For example, as was noted previously in the
5-76A vs the CH-58A combat, the 5-76A received 330 points whereas the
OH-58A recelved 89.7. Therefore, based on these results, the S5-76A was
successful 330 times out of 330 + 89.7 encounters or 78.6% of the ctirme,
and conversely the OH-5BA was successful 21.4X of the encounters.

The actual winning engagement ratlos ave compared to the predicted wining
engagement ratios to form the basis of the correlation. These ratlos from

both the M/A ratings and the AACT scores are presented graphically in Figures
53 to 57.

However, while the M/A rating is based on a direct comparison of each hell-
copter’'s physical capsbility, the AACT tests included other factors which may
have influenced the results. For example, pilot proficlency or plloting
cholces of maneuvers may have had some effect on the firing window opportun-
ities Cockplt visibility differences between combating helicopters could

also have been a factor. Specific alrcraft omaneuvering limits which are
pecullar ro ~ach design, such as attitude rate limi{t which do not enter inte
the M/A ratings, could also have influenced the outceme. The engagement

inirial condiclons, the number of engagements analyzed with either neutral,
advantaged or disadventaged set-ups, and the *“fights on" positions could
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influence the results. Finally, the requirements for safety and beundaries of
the combat airspace may also have influenced the piloting techniquea used,
Theee factors are noted here as a reminder that the AACT test resulta contain
more than just the maneuverability difference between each helicopter.

RESULTS OF THE CORRELATION

The following paragraphs detail the individual AACT test results and correlate
those results with the M/A alr-to-air (ATA) ratings.

AACT 11

There were three combinations of combating pairs during AACT II testing. The
UH-60A vs the OH-5BA, the S-76A vs the UH-60A, and the 5-76A vs the OH-5BA.

S-76A vs OH-58A (Figure 53): The M/A ratings of these aircraft were similar,
with the 5-76A having a slightly better rating, ylelding a ratio of M/A ATA
ratings of 55 to 45 as shown in Table 30. This similarity results because
both alrcraft (see Table 2) have similar power and blade loadings and achieve
similar ¢limb and load factor performance.

The AACT firing window scoring for these aircraft wae quite different, how-
ever. Of the six valid firing opportunities, the S5-76A got five and the
CH-58A got one, which resulted in a score of 330 for the S-76A and 29.7 for
the OH-5BA. The lopsided scoring was dominated by one very long well-aimed
engagement of the S-76A on the OH-58A which alone natted 221.9 points.

The correlation between the M/A precdictions and the actual AACT tests is shown
in Table 30. There are two possible explanations for such poour correlation of
the results. First, the 5-76A pllot flew more aggressively thar the OH-58A
pilot, despite similar performance, as evidenced by the summary performance
usage charts shown in Reference 5. Secondly, the 5-76A has significantly more
maneuverability which is not adequately factored into the M/A ratings. For
example, the S-76A can fly to zeroc 'g’ and below whereas the OH-5BA with ite
testering rotor ie limited to +.5g. Thirdly, the ability to outclimb en
opponent was determined ro be a big factor in achleving winning engagements,
or moreover to defeat the edvereary’s ability to attain a firing opportunity,
and even the edmall advantage enjoyed by the 5-76A wmay have been the
determining factor for the consietent wine.

UH-60A vs OH-58A (Figure 56): The M‘A vating of the UH-60A ie very u.fferent
from that of the OH-SB8A - 79 for the BLACK HAWK and 28 for the OH-58a. Thie
ie due to several factore. The UH-60A has superior power loading which
resulted in better climb and acceleration performance. It aleo had lower
blade lnading eo it hae a higher N capability which reeulte in euperior mid
to high speed turn rate.

The AACT ecoring for the two aircraft was alec quita different - the UH-60A
ended up with 265.4 pointe and the OH-58A with 30.6 points. As mentioned in
the AACT ecoring section, the UH-60A w. the succeseful combarant in elight
out of nine valid firing opportunitiee.
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TABLE 30

CORRELATION DATA SUMMARY

AIRCRAFT M/A ATA AACT M/A ATA AACT
PAIR RATINGS SCORES PERCENTAGE PERCENTAGE
OH-584 28.2 29.7 44.8 8.3
S-76A 4.8 330.0 55.2 91.7
OH-5BA 28.2 30.6 26.3 10.3
UH- 30A 719.0 265.4 13.7 89.7
UH-60A 19.0 121.0 69.4 95.1
S-76A 34.8 6.3 30.6 4.9
OH-58A 28.2 0.0 ol 0.0
AH-15 43.9 17.8 60.9 100.0
AH-64A 48.6 6.3 57.2 331.3
SA-365N 36.3 6&8.8 43.8 66.7

(fixed gun)

1
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The acoring ratio comparison for theae two combating helicopters is shown in
Table 30. The M/A ATA ratio correlatea well with the AACT test resulta. The
AACT score ratio actually ahows the UH-60A to ba more dominant over the OH-58A
than does the M/A ATA scoring. One explanation could be the maneuver advan-
tage that the UH-60A enjoys over the OH-58A. Like the S-76A the UH-60A haa an
advartage in attitude quickness and low 'g’ capability.

L 4
S-76A vs UH-60A (Figure 55): The M/A rating of the UH-60A is quite a bit -
higher than the S$-76A - 79 for the UH-50A and 35 for the 5-76A. This is cdue
to the improvad power loading and the lower blada loading of the BLACK HAWK.
The resulting ratios giva the BLACK HAWK a 69 to 31 advantage. ’
The AACT scoring shows the UH-60A to be even Xore dominant than the M/A pre- -

dictions. The UH-60A received a total of 121 points while the S5-76A obtained
only 6.3. It appears that a maneuvering advantage can result in total to
dominance in air-to-air combat. If one helicopter haa an advantage over
ancther (e.g., better climb rate, higher turn rate), the pilot uses that
advantage all of the time and this can result in consistent wins. The M/A
ratings reflect more of a relative maneuvering index.

OH-584 wvs AM-1S (Figure 56). The alr-to-air M/A rating for the Cobra is
significantly higher than that of the Kiowa, 43.9 to 28.2. This results from
the low design speed of the OH-58, which prevents it from doing either the 140-
knot pull-up or the 130-knot decelerating turn.

Unfortunately, the AACT data analysis ylelded only two firing windows, one
case 2 degrees outside the 3-degree criteria. Both of these were won by the
AH-15. However, review of the AACT data shows that the engagements were more
halance i than the firing window data would indicate. Thus the correlation in
this cuse {s indetesminate.

SA-165K vs AH-64A (Fiwed gund (Filgure 57}: Tha M/A ratings for this pair are
also split but not as much as some of the other cases. The AH-64A (AACT) has
a 48.6 rating while the Dauphin is 36.3. The primary reason for this is the
lower power loading of the Apache.

The AACT firing window analysis groarrated four cases, one won by the AH-64A
and three by the SA-3G5N. The Dauphin achieved twice the score of the Apache
(65.8 to 34.3). The reason for the discrepancy lies in the extensiva use by
the Dauphin of pedal (flat) turns which generated large sideslip antles at
bucket speeds. Tha large sideslip capabiliry of the Fenestron allowed the
SA-365N to regularly out turn the AH-64A. The Apache’'s lover power loading
allowed {t to out clizb the Dauphin, but this only allowed the AH-64A to avoid
the Daupkin, not to targat {t in thesa fixed gun encounters. Since this large
slip capability was not evaluated in the simulated maneuvers, tha Dauphin's
M/A rating does not reflect this capability.
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Two major conclusions emerge from this correlatlon. First, 1f an aircraft has
an advantage over another, It can use that advantage to win consistently even
though the overall M/A characteristics of the two aircraft may be similar,
Thus small diifarences in the M/A ratings or even in maneuver score: may be
more significant than they appear. Secondly, certain attributes lmportant to
the AACT results were not evaluated in the simulated maneuvers. Ome of these
was the ability to make mid-speed pedal turms. This maneuver was used to some
extent by all of the helicopters and resulted in many of the valid firing
opportunities. The other attribute was quickness, or pure agility. The AACT
results showed the importance of this capability, but none of the nine simulat-
ed maneuvers evaluated pure agility.

In addition, the paucity of wvalid firing windows reduces the correlation
validity. Since the helicopters did not have gunsights, frequent cases
existed where the attacking helicopter was in good position and had ample
control and maneuver capability to achieve the firing window, but did not
actually get in the window.




CONCLUSIQNS

Fundamental parameter charts developed in M/A Phase I are applicable to a
wide variety of helicopters. The only exception is the hover turn where
the fundamental parameter was changed from tail rotor solidity to yaw
acceleration capability.

Modern combat helicopters, such as UH-60A and AH-64A, had better M/A than
elther current civil aircraft, like S$-76A and SA-365N, or older military
aircraft such as AH-1S and OH-58A,

A methodology has been developed to allow visual playback of AACT time
history data and provide views out of each cockpit or from any other
point in the combat space. This methedology alsoc calculates when firing
opportunities occur and 1is efficient enough that all 59 encounters
available were analyzed,.

Relarively few encounters, even at close range, resulted Iin fixed gun
fi-ing opportunities. Five alrcraft palrs wvere evaluated for a total of
59 one-on-one engagements. Only 23 legitimate firing opportunities
occurred In all of these data.

A methodology has been developed to score the M/A maneuvers and to
calculate an M/A rating based on those scores. M/A ratings can be
calculated for the basic aircraft and for ATA, ATC, NOE and contour
mission elements. This methodology mnot only allows comparisons of
existing alrcraft, but provides quantitative evaluations of the effects
of changes to new designs or existing helicopters.

A methodology for scoring the AACT firing opportunities has been devel-
oped. This takes into accoun® the range, angular error and time in the
firing window. It allows a quantitative comparison of the firing oppor-
tunities.

Correlation of the M/A rarings and AACT scores was very good. For four
of the five aircraft pairs, the aircraft with the higher 4/A rating had
the highest AACT score. In the case of the AH-64A versus SA-365N, the
Dauphin had a higher AACT score even thouugh it had a lower M/A rating.
Review of the data indicates that the SA-}65N had a very large sideslip
envelope which allowed it to make flat turns and get more firing opportu-
nities,

Detailed and comprehensive free flight CenHel simulation models of the
UH-60A, S5-76A, CH-53E, AH-64A, AH-15, OH-58A, SA-265N and Mi{-28 are
avajlable.

Mi-28 has only falr M/A characteristics when flown in its ATC configura-
tivn at a weight of 22,984 pounds. 1f evaluated in a ATA configuration
at a welght of 20,000 pounds (a 13-percent reduction in CW), the M/A
rating could be signilicauzly better.
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RECOMMENDATIONS

The maneuver simulation, scoring and rating analyses should be extended
to cover different density altitudes. All of the modern heiicopters
studied employed flat-rated engines to provide them with improved perfor-
wance at altitude. This study, conducted at s2a level stancdard condi-
tions, to coincide with the AACT data, does not show the benefits of such
flat-rating,

Additional helicopters should be added to the study both to increase the
analytical database and to provide more data for correlation. Candidate
helicopters are:

a) UH-60L - Current production variant of the BLACK HAWK, essentially
identical to the UH-60A except for increase in power and upgraded
main gearbox.

b) Mil-2« HIND - Current Soviet attack helicopter. Analytical compari-
son of this aircraft to current U.S. Army inventory helicopters
would be valuable.

c) Bell 406 Combat Scout - Tested in AACT IV; evaluation of this
helicopter would broaden the correlation database. In addition, it
provides a good compariso:; with the OH-58A, showing the effect of a
new rotor and increased power on baslicelly the same airframe.

d} MBB/Kawasaki, BK-117 - Also tested in AACT 1V; analysis of this
helicopter would not only broaden the correlation but also provide
data on a small, modern hingeless rotor helicopter,

e) Other candidate esircrcft include the MH-60K and SH-60B/F since
GenHel simulation models of these helicopters already exist at
Sikorsky. 1o addi-ion, the Mi-28 should be reevaluated in a lighter
welght alr-to-air configuration and the CH-53E could be evaluated at
more typizal operational gross weights. The rotor speed should be
set following current operational procedures - 100-percent for gross
weizhts less than 60,000 pounds and 105 percent for higher weights.

Additional maneuvers ehould te added to the evaluation. One of these
would be a large sideslip tuin where the helicopter uses its elip capa-
bflity tc slow down and curn more quickly. For thie =zaneuver, the
sideslip envelopes for eacl aircraft would have to be specified. Another
maneuver to be added would be a Jevel flight roll-reversal. 7This would
be a good measure of pure agility,

The AACT fixed gun data should be reanalyred using larger angles to
define the firirg window. The resaon for this is that the exleting
analysis shows very few firing opportunities were achieved within the
arbitrary *)-degree window and they were all of short duration. This is
probably due to the lack of gun.!ehts on the competing aircraf:. A pliot
can not really judge a three-degree error in polinting. Therefore, there
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were probably wany instances where the pilot had an escellent firing
opportunity and the control authority to stay within the firing window
but in fact was Just outside the mathematical criteria. 1In addition,
normal instrumentation errors may result in indication that the pointing
angle was toco large when, in fact, it was inside the firing window,

The firing window criteria nhould be modified to specify a dispersion
distance rather than an angle. For example, at 1500 meters, a ten meter
scoring box implies an angular error of 0.28 degree, but at 100 meters
the angular error is 5.73 degrees. At high ranges, even small pointing
errors result in wmissing the target while at very close ranges, much
larger pointing angles simply result in targeting of different parts of
the helicopter.

Future AACT activities should employ gunsights. It would also be desir-
able to use some form of weapons emulator, as was done in AACT 1V, to
glve the pilot feedback on his or her targeting accuracy.

Plloted simulation should be wused to evaluate the maneuver results
predicted by the maneuver controllers. The maneuver controller is very
precise but {t also had the operatisnal limitations r. dly enforced. A
human pilot might not be as preclse but he would also not be able to
impuse the operational limits as .ghtly.

Future AACT activities should inciude the M/A rating maneuvers as part of
the workup to air-to-air combat. Thils would allow a direct correlation
with the GenHel predictions.

An air-to-air combat study should be conducted using piloted simulators.
Several important acuivities would be:

a) Emulaticn of ATA combat between AACT pairs to compare results of
simulators to actual combat.

b)  Evaluation of engagements berween pairs of aircraft not alieady
involved in AACT. This would be a very cost-efficient method for
evaluating combat mareuvering given the use of an ATA validated

simulation facility, In addition, aircraft pairs not readily
testeble (e.g., Ud-60A versus Mi-28) could be analyzed via simula-
tion.

¢} The effect of design parazeter changes on ATA coambat could be
assessed quickly and directly. For example, fly a series of engage-
ments, then change the hinge offset or blade chord or power avail-
able on one aircraft and re-fly the engagements to quantify the
effects. Such instantaneous back-to-back comparisons would be
invaluable,

d) The simulator would also allow for direct evaluation of weapons,
something that can not be realistically done in the AACT test
environment. Thus, engagements could be flown with a variety of
different wveapons or with parametric variations of a single weapon.
Similar aczivities could be pursued for sensors, dlsplays and
control systexms,
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LIST OF SYMBOLS/ABBREVIATIONS/RCRONYMS

AATD - U. S. Army Aviation Applied Technology Directorate
ADGW - Alternate Design Gross Weight

ATA - Ajr-to=-Air

ATG - Air-to-Ground

AACT - Ajr-to-Air Combat Tests

ACA - Angle-of-Attack

BDGW - Basic Design Gross Weight

BL - Blade Loading

cG - Center-of-Gravity

CCN - Contour Flight Regime

Cr - Thrust Crefficient

Cr/o - Thrust Coefficient divided by Solidity

D - Dispersion

Dc - Dispersion Coefficient

DL - Disk Loading

FPM - Feet per minute

FP - Fundamental Parameter

FPS - Feer per Second

GenHel - General Helicopter Flight Dynamics Simulation
GF1 - Government Furnished Information

GW - Gross Weight

Hd - Density Altitude

HIRSS - Hover Infrared Suppression System

HP - Horsepower

hrotor - Rotor Height above the Ground

Hl - Height of Reference Fuselage in Aercdynamic

Scaling Equation
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LIST OF SYMBOLS/ABBREVIATIONS/ACRONYMS (Cont'd)

RH2 - Height of Modeled Fuselage in Aerodynamic
Scaling Egquation

IGE - In-Ground-Effect

IsA - International Standard Atmosphere

Ll - Length of Reference Fuselage ir Aerodynamic
Scaling Equation

12 - Lenqgth of Modeled Fuselage in Aerodynamic
Scaling Equation

M - Pitching Moment

M/A - Maneuverability and Agility

MGE - Main Gearbox (Tranamission)

mm - milliceter

MCE - Measure of Effectiveness

N - Yawing licment

NOE - Nap-cf-the-Earth

Nz - Normal Load Fsctor

P - Roil Rate

PSID - Psi dot, Yaw Rate

Q - Pitch Rate

q - Cynamic Pressure

ROC - Rate-_f=-Climb

RCD - Rate-of-Cescent

RPM - Revolutions per minute,

Rounds per Minute (Gun)

S - Score

shp - Shaft Horaepower

SLS - Sea Level Standard

T - Time

TC - Time Coefliclent

TS - Tip Speed

™ - Twist

T/ - Thrust to Weight Ratlo
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AFAPPN
ALFWFE
ALFPPn
ALFIMR
BCQDOS
BLCG
BLMR
BLPn
BLTR
CDPn
CHDTMR
CHDLMR
CHIPMR
LPn
CMPn
poer
CELTIMR
DLCF
DMOF
DCF

- Weight Empty

- Width of Reference Fuselage in Aerocdynamic
Scaling Equation

- Width of Modeled Fuselage in Aerodynamic
Scaling Equation

- Sidefcrce
- Rotor Solidity

- Yaw Rate

GenHel Program SYMBOLS

- Absclute Value of ALFPPn

- Fuselage Angle-cf-Attack

- Panel n Angle-cf-Attack

- Pitch-Lag Coupling Coefficient

- Rotor Stall Parameter

- Buttline of the Center-of~Gravity
- Buttline of the Main Rotor

- Buttline cof Panel n

- Buttline of the Tail Rotor

- Panel n Drag Cecefficlient

- Main Rotecr Blade Tip Chord

- Main Rotor Blade Reoot Cherd

- Rotor Wake Skew Angle

- Panel n Lift Coefficient

- Parel n Pitching Moment Coefficient
- Fuselage Delta Drag/q

- Pitch-Flap Toupling Coefficient

- Fuselage Delta Lift/q

- Fuselage Delta Pitching Moment/q

- Fuselage Drag/q

134

Upits
deg

deg

deg
deg/deg
n.d.
inches
inches
inches
inches
n.d.

feet

feet

deg
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square ft,
deg/deg
square ft.
cubic feet

square ft.




EFXPn

EKXTR

EKXWF

ERZPn

POCT
PHIB
PSABWF
F5I8
PSIWF
QCES
w007

GenHel Program SYMBOLS

Rotor Interference Velocity Ratio
or Panel n in the x-direction

Rotor Interference Velocity Ratio
on Tail Rotor in the x-direction

Rotor Interference Velocity Ratio
on Fuselage in the x-direction

Rotor Interference Velocity Ratio
on Panel n in the z-direction

Rotor Interference Velocity Ratic
on Tail Rotor in the z-direction

Rotor Interference Velocity Ratio
on Fuselage in the z-direction

Fuselage Downwash Angle on Panel n

Fuselage Downwash Angle on Tail Rotor

Fuselage Station of the
Center-of-Sravity

Main Rotor Horsepower

Fusalage Lift/qg

Fuselage Pitching Miment/q
Fuselage Yawing Moment.q

Actual Main Rotor Rotacicnal Speed
Tail Rotor Rotational Speed

Hain Rotor 1rim Reotaticnal Speed
Air~raftr Roll Rate

MAircraft Roll Acceleration
Aircraf: Roll Angle

Absolute Value of PSIWF

Aircraft Heading Angle

Fuselage Ysw Angle (= -aideslip)
Alrcrafe Pitch Fate

Aircratt Pitch Accelerstion
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n.d.

n.d.

deg
deg

inches

Horzepower
square ft.
cubic feet
cublic feet
rad/sec
rad/seg
rad/sec
deg/sec
rad/sec?
deg

aeg

deg

deg

deg/sec

rsd/secl
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SIGTR
THETAB
TWSTMR
VXBDOT
VXBIKT
WLCG
XSEGMR

YQF

LIST OF SYMBOLS/ABBREVIATIONS/ACRONYMS (Cont'd)

[]

GenHel Program SYMBCLS

Dynamic Pressure Ratioc at Panel n
Aircraft Yaw Rate

Aircraft Yaw Acccleration
Atmospheric Density

Main Rotor Radius

Fuselage Rolling Moment/q

Tail Rotor Radius

Fuselage Sidewash Angle on Panel n
Fuselage Sidewash Angle on Tail Rotour
Fuselage Pitch Attitude

Biade Preformed Twist Angle
Aircraft Lou.y.-udinal Acceleration
Indicated hirspeed

Waterline of the Center-of-Gravity

Non-dimensicnal distance from center of
rctation to center of blada element

Fuselage Sideforce/q
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n.d.
deg/sec
rad/sec?
slugs/ft3
feet
cubic feet
feet

deg

deg

deg

deg,
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knots
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square ft.




APPENDIX A

UN-60A MODEL DATA

The UH-60A (Figure A-1) is a medium-siza, single-rotor assault tranaport
helicopter designed to meet stringent U.5. Army specificetions. Approximstely
1200 UH-60A are in service with the U.S. Army. A large number of derivetives
of this helicopter have been produced for the U.S. Nevy (SH-60B, SH-60F,
HH-60H), U.S. Air Force (MH-60G, HH-60A), U.S. Coast Gusrd (HH-60J) end
foreign militery use. The BIACK HAWK has e Basic Design Gross Weight (BDGW)
of 16,825 pounds, a rotor diametar of 53 feet 8 inches, and is powered by two
Genersl Electric T700-CE-700 turbosheft engines with e intarmediete reted
pover (IRP) of 1622 shp aach.

The four-bladad main rotor is of conventional erticuleted design using eles-
tomeric beerings. Flapping and lagging hinges ere coincident wich e 4.66
percent hinge offset. The Sikorsky S5Cl095 airfoil {s utilirzed inboard snd
outboard while a drooped-nose SC1095R8 eirfolil is amployed on the mid-span of
the main rotor blades. Tha four-bleded teil rotor is ll-feet in dlianeter, is
¢ bearingless rotor design, and employs tha SCl095 airfoils. A continuous
composite span connects each pair of bledes. The tall rotor {s a trsctor
configucation and is canted 20 degrees from the vertical. The BLACK HAWK has
a 45-square-foot all-moving horizontel tail (stabilator).

Tha BLACK HAWK CanHal simuletion wes already operational et Sikorsky ernd hed
been axtensivaly validatad against flight test data, both in-housa and at NASA
Anes

t1l of the numerical :icta uaed to model the UH-60A ara provided in this
appendix. The first sect'on is a tabular listing of the ell the input date
(Table A-l1). The second saction is plots of the wap data for fusalagas,
vertical tail and horizontal tail eerodynamics along with plots of tha rotor
interference and fuselage interferance date (Figures A-2 through A-25). Tha
tabular data are provided with appropriata labals. MHap data era idantified
with GenHel variable names provided in the List of Symbols.

For the UH-60A model, tha panal allocation vas as follows:
1. Right horizontal tail

2. laft horizontal tall
3. Vertical tail
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TABLF A-1. UH-60A SPECIFIC FILE

jeeesse INP T PARAMETERS FOR MAIN ROTOR MODULES (JA.) wwvwewe

FSMR:: 34..215
WLMR:: 315.0
RLMR:: 0.0
RMR:; 26.83
OMGTER::27.00613

BMK:: 4.0
ISKR:: =3.,0
ILMR:: 0.0
OELSHR::-9.7
DEL3IMR::0.0
FAFINMR::0.0
KAF2MR::0.0

CROTMR::1.73
CHDRMR::1.73
OrSTEMR-:1.25
SPRLMR::3.33
WTHOMR:; :256,.91
IBMR:: 1512.6
MBMR:: 86.17
IRMR:: 943.9

BTLNR:: .97
DCDMR:: ,002
NBSMR:: 4
NSSMAM:: §

WE e We WE WO BE WE W e %o WE We Ve TP Mo Tn e e he e We ng we e we

TWHRRAP: :UVRAS

XSEGMRA4
TWSTHRES
TWHNRLO

IXr 0.0,1.0,0.
TWHMRLO: EXP 0
EXP -0
LXy -5
EXr -9
=10

jeesees MAIN ROICR

KOTWRP: : UVRES
VETE
KOTWMROR
XOTWLO
EXp 100.0,

KOTWLO: EXP -

jeessees MAIN ROTOR

ACTHR: :
KCARMR: :
KS5LMA::
TDMOMR: :
TOWCMR:
TOWSHR: :

1038

COO0 O M-
[=N=N-N-N N

FUSELAGE STATION, INCRES

WATERLINE STATION, INCNES

BUTTLINE STATION,INCHES (+IVE TO PORT)
RADIVS,FT.

TRIM ROTATIONAL SFERD,RAD/SEC

ACTUAL NUMBER OF BLADES

LONGITUDINAL SEAFT TILT, (POS.BACKWAROS),OEG
LATEZRAL SHEAFT TILT, (POS.ETARBOAAD),DEG
SWASHPLATE PHASE ANGLE,OLG

FLAPPING BINGE OFFSET ANGLE,OEG.

LAGGING HINGE OFFSET COEF, (FUNC(LG))
LAGGING HINGE OFFSET COEF.(FUNC(LG®**2))
BLADE CHORD AT TIP,FPT.

BLADE CHORD AT ROOT,FT.

HINGE OFFSET,IFT.

HINGE TO START OF BLADE,FT,

WEIGHT OF ONE BLADE,LRS.

BLADE MOMENT OF INERTIA ABOUT RINGE,SLUG-FTe+2
BLADE MASS MCMENT ABOUT RINGE,SLUG-FTe+2
RDTATING INERTIA OF DRIVE TRAIN ADTDR
(DUAL ENGINE FAILURE), SLUG-TFTe*+*2

BLADE TIP CUT OFF RATIO

DELTA DRAG COEF. FOR EACN SEGNINT
NUMBER OF BLADES SINMULATED,FIX POINT
NUMBER OF SEGMINTS SIMULATED,PIX POINT

MAIN ROTOR NON-LINEAR TWIST MAP **
BAP ARGUMENT:LOOK UP ROUTINE
:INPUT VARIABLE
;OQUTPUT VARIABLE

;MAP NARE
05 ;LOWER LIMIT,UPPER LINIT,DELTA
.0, 0.0, 0.0, 0.0, -0.15
.95, -1.8, -2.15, -3.55, -4.4
.3, -6.15, -1.1, =71.9, -8.8
.65, -10.13, -10.75, -12.3, -13.1
.9

DYNAMIC TWIST SUBMODULE (&A) ssstse

150.0,50.0
0003,-.00052

DOWNWASH SUBMDDULE (0A) ecceee

TNRUST GAIN FDR UNIFORM DOWNWASN
PITCN.MOM.CGAIN FOR DOWNWASH SIN.HARMONIC

ROLL MOM.GAIN FOR DOWNWASN COS.HARMDNIC

TIME CONST.FOR UNIFORM DOWNWASN FILTER, SEC
TYME CONST.FOR DOWNWASH SIN.RARMON.FILTER,SEC.
TIME CONST.FDR DOWNWASKE COS.BARMDN.FILTER, SEC.

e ma We me We We
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TABLE A-1. UH-60A SPECIFIC FILE (Cont'd)

jeeeeee FLAPPING/LAGGING DAMPER CALCULATIDHS (4C) eeeeee

KBRMR:: 0.0 t FLAPPING BINGE SPRING CONST FT-LBS/RAD
KBR.MR::0.0 ; FLAPPING HINGE DAMPER CONST, *T-LBS-SEC/RAD

3 **SET OF MOUNTING DIMENSIUNS FOR LAG DAMPER,INCHES*e
ALDMR:: 0.227 :
BLDMR:: 3.242 i
CLDMR:: 12.040 ;
DLDMR:: 10.0102 ;
RLDMR:: &.0898 :
LGODMR::7.0 i
THLDMR::17.481 ;

ALIGNMENT OFFSET IN RELATION TO LAG,DEG
FIXED BLADE PITCE RELATIDNSEIP BET. ARM AND TRCUTF

3 *¢ BLACK HAWK LAG DAMPER FORCE VS LAG DAMPER ARM RATE
LDMRMP: . UVSUVSEE AP ARGUMENT:LDDK UP RDUTINE
LD .MRER(ALE) ;INPUT VARIABLE
FIL.MRES(ALE) yDUTPUT VARIABLE

LSHRLD ;LDW RANGE MAP NANL
EXp 0.0,2.0,0.1 sLDWER LIMIT,UPPER LIMIT,DELTA
LDMRBI ;BIGH RANGE MAP RAME

EXP 2.0,7.0,1.0 ;LOWER LINIT,UPPER LIMIT,DELTA
; LOW ANGLE mAP: LD.MR 0 TO 2.0 , DELTA = .1
LDHRLO: EXP 0.0, 30.0, 90.0, 160.0, 280.0
EXP 490.0, 720.0, 95%0.0, 1190.0, 1400.0
EXP 1630.0, 1860.0, 2090.0, 23l10.0, 2530.0
EXy 27170.0, 2980.0, 3200.0, 33lo0.0, 3370.0
EXP J4l0.0

; HIGH ANCLE MAP: LD.MR 2.0 TO 7.0 , DELTA=l1l.0
LDHRHI: EXP 3410.0, 3550.0, 3615.0, 3680.0, 1745.0
EXP jgis5.0

jeeesess INPUT PARAMETERS FDR FUSELAGE/WING (4A) ¢eeeen
jettesr KDUNTING POINT FOR MDDEL IN WIND TUNWEL tecsres

PSWF;:: 345.5
WLWF:: 234.0
BLWF:: 0.0
INF:: 0.0

i+ PUSELAGE STATICN, IN.

i WATERLINE STATIDN, IN.

1 BUTTLINE STATION,IN. (+IVE TO PORT)
1 WING INCIDENCE,DEG.

; ** BLACK HAWK FUSELAGE LIFT (TAIL OFF IRS DFF) V5 ALITWF

LOFMP: : UVRUVREN

JMAP ARGUMENT:LDDK UP RDUTINE

ALTHFES s INPUT VARIABLE
LOF#s jDUTPUT VARIABLE
LOFLD jLOW ANGLE MAP NANE
gxp -30.0,30.0,5.0 ;LOMER LIMIT,UMPER LIMIT,DE'"TA-LDW ANGLE
LOFHI JHIGH ANGLE HMAP NARE

gxp -90.0,90.0,10.0

;LOWER LIMIT,UPPER LIMIT,DELTA-AIGH ANGLE

; LDW ANGLE MAP: ALFWF -30 TD 30 , DELTA=S

LQrLD: EXP =-70.0, -52.¢, -15.0, -25.0, -13.0
EXP -5.0, 1.0, i0.o0, 0.0, 25.0
LXP 3J).0, .0, 37.0
; WIGH ANGLE WMAP: ALMWF -90 TD 90 , DELTA=10
LOFHI: EXP -24.0, -54.0, -72.0, -81.0, -85.0
EXP ~83.0, -70.0, -35.0, ~-13.0, 1.¢
EXP 20.0, 3jo.o, 37.0, 4.0, 48.0
EXP 50.0, 48.0, 39.0, 2.0
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TABLE A-1. UH-60CA SPECIFIC FILE (Cont’d)

*+ BLACR EAWK FUSELAGE DRAG (TAIL OFF IRS OFF) VS ALFWF
REVISED TO INCLUDE FUSELAGE HARDPOINTS 3/87

DOFMP: ; UVRUVRS$ sMAP ARSUMENT:LOOK UP ROUTINE
ALFWFI S ;INPUT VARIABLE
teJe} £ 1] ;OUTPUT VARIABLE
LQrLo iLGW ANGLE MAP NAML
EXp -30.0,30.0,5.0 sLOWER LIMIT,UPPER LIRIT,DELTA-LOW ANGLE
DQFHI sBIGH ANGLE HAP NANE
EXr «~90.0,90.0,10.0 ;LOMZIR LIMIT,U¢®ER LIMIT,DELTA-HIGH ANGLE

; LOW ANGLE MAP: ALFWF -30 TO 30 , DELTAs=S

0QrLO: EXP 46.99, 319.99, 131.59, 29.139, 5,97
1 9.4 25.49, 25.149, 26.99, 29.49, 33.19
EXP 38.99, 41.99, 52.99
; BIGH ANGLE MAP: ALFWF -90 TO 90 , DELTA=10
DQFHI: EXP 151.91, 196.91, 134.91, 115.91, 89,91
EXP 6:.91, 46.99, 313,59, 26.97, 25.98%
EXP 29.49, 318.49, 52.99, 67.91, 85.91
EXF 111.91, 133.91, 146.91, 151.91
i *% BLACK HAWK FUSELAGE PITCE MOMENT{TAIL OFF)} VS ALFWF
MOQFMP: :UVRUVRS S ;MAP ARGUMENT:LOOK UP ROUTINE
ALFWF$3 s INPUT VARIASBLE
MOrés ;OUTPUT VARIABLE
MQFLC ;LON ANGLE MAP NAME
EXF =-30.0,32.0,5.0 sLOWER LIMIT, UPPER LINMIT,DELTA-LOW ANGLE
MQFH1 JHIGH ANGLE MAFP NAME
EXP -90.0,90.0,10.0 ;LOWER LIMIT,UPPER LIMIT,DELTA-IGIH ANGLE
; LOW ANGLE MAP: ALTWF =30 TO 30 , DELTA=S
MQFLO: EXP -740.0, =700.0, -630.0. -520.0, -380.0
EXP -2310.0, -590.0, 10.0, 100.0, 2%0.0
LXp #597.0, 600.0, 750.0
+ BIGH ANGLE MAP: ALFNF -90 T0 90 , DELTA=]10
MQFHI: EXP -200.0, -470.0, -645.0, -730.0, -760.0
exg -760.0, -740.0, -630.0, -380.0, -90.0
EXP 100.0, 450.0, 750.0, 810.0, 825.0
EXg 780.0, §50.0, 970.0, 200.0
i ** BLACK AAWK FUSELAGE DELTA LIFT VS PSINF
DLOFMP: :UVRE iMAPF ARGUMENT:LOOK UP ROUTINE
PSIWNFEE $INPUT VARIABLE
DLOr#d $QUTPUT VARIABLE
DLOrLO ;LOW ANGLE MAP NANE
EXp -30.0,30.0,5.0 ;LOWER LIMIT,UPPER LIMIT,DELTA-LOW ANGLE
; LOW ANGLE MAP: PSINF -30 TO 30, DELTA=S
DLQFLO:. EXP 3o.o0, 20.0, 12.0, 7.0, 3.0
EXP 2.0, 0.0, 2.0, 5.0, 10.0
EXP 15.0, 22.0, 30.0
i ** BLACK HAWK FUSELAGE DELTA DRAG VS PSIWF({ABS)
SDOFMP : 1 UVRUV .4 !MAP ARGUMENT:LOOK UP ROUTINE
PSABNIF IR JINPUT VARIABLE
DDQTr ¢4 ;OUTPUT VARIASBLE
DDOFLO ;LOW ANGLE MAP NANME
ExXPp 0.0,30.0,5.0 ;LOWER LIMIT,UPPER LIAIT, DELTA-LOW ANGLE
DDQFHI ;HIGH ANGLE MAP NANE
Exr 30.0.90.0,10.0 ;LOWER LIMIT,UPPER LIMIT,DELTA-HIGH ANGLE
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TAKLE A-1. UH-60A SPECIFIC FIIE (Comt'd)

{ LOW ANGLE MAP: PSI(ABS) ¢ TO 30, DELTA«S

DDQrLD: EXP .0, 1.0, 4.0, 9.0, 16.3
EXP 28.0, 38.5
; MIGH ANGLE MAP: PSI(ABS) 30 TO 90, DELTA=10
DDQFHI: EXP ig.5, 6.5, 113.5, 141.5, 164.5
EXP 169.5, 176.5
; ** BLACK HAWK TUSELAGE DEL PITCH MOM VS PSIWF({ABRS)
DMOFMP: :UVRES sMAP ARGUMENT:LOOR UP ROUTINE
PSABWTHE ;INPUT VARIABLE
DMQrid ;OUTPUT VARIABLE
pmMQrLo ;LOW RANGE MAP NAME
EXp 0.0,30.0,5.0 sLOWER LIMIT,UPPER LINIT,DELTA-LOW ANGLE MAP
i LOW ANGLE KAP: PSI(ABS) 0 TO 30, DELTAeS
DMQTLO:EXP 0.0, 10.0, 20.0, 50.0, 90.0
EXP 130.0, 160.0
; ** BLACR HAWE PUSELAGE SIDE FORCE (TAIL OFF) V5 PSIWT
YQFMP: :1IVSUVSEN ;MAP ARGUNENT:LOOR UP ROUTINE
PSIWFRE s INPUT VARIABLE
YQree ;OUTPUT VARIABLE
YQFLD ;LOW ANGLE MAP NAME
EXp ©0.0,30.0,5.0 sLOWER LIMIT,UPPER LIMIT,DELTA-LOW ANGLE
YQFHI ;HIGH ANGLE MAP NANME
EXP 30.0,90.0,10.0 ;LOWER LIRIT,UPPER LIMIT,DELTA-EGIH ANGLE
; LOW ANGLE MAP: PSIWF O TO 30, DELTA=S Y(PSI}e=Y(=-PS5I}
YQFLO: EXP 0.0, 11.0, 23.0, 3%.0, 50.0
EXP 65.0, 72.0
; HIGH ANGLE MAP: PSIWF 30 TO 90, DELTA=1OD Y(PSI)e-Y(-P5I}
YQFHI: EXP 72.0, 92.0, l103.0, 100.0, 84.0
EXP 64.0, 37.0
; ** BLACEK BAWR PUSELAGE ROLLING MOMENT (TAIL OPFF) VS PSIWNF
RQFNP: :UVSUVSHE :MAP ARGUMENT:LOOR UP ROUTINE
PSIWNFIN ;INPUT VARIAPLE
RQFoS sOUTPUT VARIABLE
RQFLO ;LOW ANGLE MAP NAME
EXP ©.0,30.0,5.0 ;LOWER LIMIT,UPPER LIMIT,DELTA-LOW ANGLE
RQFHI ;HIGH ANGLE MAPF HAME
EXP 30.0,90.0,10.0 ;LOWER LIMIT,UPPER LIMIT,DELTA-HGIM ANGLE
; LOW ANGLE MAP: PSIWF 0 TO 30, DELTA=S5 R(PSI)e<R(-PS5I)
ROFLO: EXP ¢.0, 0.0, 0.0, -30.0, -75.0
EXP -120.0, -110.0
; HIGH ANGLE MAP: PSTWF 30 TO 90, DELTA=10 R(PFSl)e-R{-P51)
RQFHI: EXr -110.0, -106.0, -103.0, -101.0, -100.0
EXP -100.0, -100.0
: ** BUACK HAWK FUSELAGE YAWING MOKENT (TAIL OFF) VS PSIWT
NOFR®: :UVRUVRES ;MAP ARGUKRINT:LOOK UP ROUTINE
PSINFEN {INPUT VARIABLE
NQF e LOUTPUT VARIABLE
NQTLO ;LOW ANGLE MAPF NANMEZ
EXp -30.0,30.0,5.¢0 ;LOWER LIEIT,UPPE™ LIMIT,DELTA-LOW ANGLE
NQFHI ;HIGH ANGLE MAP NAME
EX* -90.0,90.0,10.0 :LOWER LINIT,UPPER LIMIT,DELTA-HIGH ANGLE
; LOW ANGLE MAP: PSIWF -30 TO 30, DELTA=S
NQrLO: EXP -140.0, -190.0, -240.0, -220.0, -180.0
EXP -100.0, 0.0, 100.0, 180.0, 220.0
EXP 240.0, 190.0, 140.0
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TABLE A-1. UH-60A SPECIFIC FILE (Comt'd)
; BIGE ANGLE MAP: PSIWF -90 TO 90, DELTAelD

NQFRI: EXP 440.0, 192.0, 332.0, 259.0, 160.0
LXP 40.90, -140.0, -240.0, -100.0, 0.0
EXP 180.0, 240.0, 140.0, 59.0, -30.0
EXP -125.0, -220.0, -320.0, =-420.0

jevesss ROTOR INTERFERENCE ON THE FUSLEAGE (MRPA} weeeen
; *¢ BLACKX HAWK FORE/AFT M.R., DOWNWASH AT FUSELAGE

EXWFNF: ;BIVEE ;PAP ARGUMENT:LOOK UP ROUTINE
EXP CHRIPMR4#4 ,AAITMRE4 INPUT VARIABLE §1, INPUT VARIASBLE 42
ERXWFI$ ;OUTPUT VARIABLE
EXWILO ;LOM ANGLE MAPY NANE

gxp ©.0,100.0,30.0,13 ;LOW LIM,UPPER LIM,DELTA 4ENTRYS{OCT)-CHIPHR

EXP -6.U,6.0,6.0 sLOW LIN,UPPER LIN,DELTA-AALFHR
;+ LOW ANGLE MAP CRIPMR 0 TO 100 (DEL=10) AALFER -6,0,6
i AALFHR=-§
EXWFLO: EXP 0.08, 0.8, 0.3, 0.43, 0.55
LXP D.66, 0.79, 0.9, 1,03, 0.55
0.0
i AALTHR=(
EXP 0.0, 0.1, 0.21. 0.32, 0.42
EXF 0.54, 0.66, 0.8, 0.%4, 0.5
0.0
i AMITHR=§
LXP -0.12, 0.02, 0.08, 0.18, 0.28
LXP 0.4, 0.53, 0.67, 0.62, 0D.¢
0.0
; ** BLACKR HAWR VERTICAL M. k. DOWNMWASE AT FUSELAGE
EIWFHMP: :BIVES 1MAP ARGUMENT:LOOK UP ROUTINE
EXP CHIPHRIS,AALTHRES JINPUT VARIABLE #1, INPUT VARIABLY $2
ERIWFES JOUTPUT VARIABLE
EINFLO jLOW ANGLE MAP NAME
gxp 0.0,100.0,10.0,13 LOW LIM,UPPER LIM, DELTA,$ENTRYS(OCT)-CHIPAR
Exp -6.0,6.0,6.0 jLOW LIM,UPPER LIN, DELTA-AALTHR

; LOW ANGLE MAP CHIPHR 0 TO 100 {DEL=10) AALFPMR =6,0,6
: AAIFMRw-§

EIWFLO:EXP 1.13, 1.09, l.08, 1.065, 1.0%
£xp 1.04, 1.02, 1.01, 1.0, D.8d
0.6
i AMIFAR=0
£xe 1,12, 1.12, 1.12, 1.12, 1.12
Lxr 1.12, 1.12, 1.12, 1.11, 0.96
0.6
i AMIFAR=6
1 4.4 4 1.15, 1.15, 1,15, 1.15, 1.1¢6
LXxr 1.17, l1.18, 1.22, 1.16, 0.%8
0.6

jeeees INPUT PARAMETERS FOR PANEL &1 (4A) =oveee

FUSELAGE STATION, INCH
WATERLINE BTATION, IKCH

rsel:: 1700.1
WLPl:: 244.0

i
i
SLPl:: -16.6 ;i BUTTLINE STATION,INCH (+IVE TO PORT)
SAPI:: 22.5 ; SURFACE AREA OF PANEL IF NOT INCLUDE IN RAP
GARPl:: 0.0 i PANEL ORIENTATION, DEG
10P1:: 32 i PANEL INCIDENCE,DEIG
Crl:: 1.0 i PANEL MIAN AERO CNORD,FT
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TABLE A-1. UH-60A SPECIFIC FILE (Comt’d)

i ** BLACK HAWK HORIZONTAL STABILIZER (RT PANEL) LIFT COLFFICIENT VS ALFPPF]

; S5=22.5 PT**2 ,ASPECT RATIO=d4.6 ,0014 AIRFOIL

‘ CLPIRP: :UVSUVSH MAP ARGUMENT:LOOK UP ROUTINE
ALFPFLe4 ; INPUT VARIABLE
CLP14¢ ;CUTPUT VARIABLE
. CLPILO iLOW ANGLE MAP NAME
Exp 0.0,30.0,5.0 ;LOWER LIKIT,UPPER LIMIT,DELTA-LOW ANGLE
CLP1NI ;BIGK ANGLE RAP NANE
- exp  30.0,90.0,10.0 ;LOWER LIWNIT,UPPER LIMIT,DELTA-RIGH ANGLE
; LOW ANGLE MAP ALFPP) 0 TO 30,LELTA=S CL(ALF)=-CL{-ALF)
CLP1LO: EXP 0.0, 0.386, 0.71, 0.92, 1.02
£Xp 1.02, 0.99
: BIGH ANGLE KAP ALFPPl 30 TO 90,DELTA=10 CL(ALP)=-CL({-ALF)
CLPIHI: EXP 0.99, 0.847, 0.847, 0.745, 0.558
£xp 0.2%4, 0.0
i ** BLACK HAWK HORIZONTAL STABILTZER DRAG VS ALPPT1(ABS)
CDFINP: . UVRUVRAS MAP ARGUNENRT:LOOK UP ROUTINE
AFAPPLOt i INPUT VARIABLE
CDPlo ;OUTPUT VARIABLE
COPLILO ;LOW ANGLE RAP RANE
EXP 0.0,30.0,5.0 ;LOWER LIMIT,UPPER LIKIT,DELTA
CDPIHI JBIGH ANGLE MAP NAME
EXP 30.0,90.0,16.0 ;LOWER LINIT,UPPER LIMIT,DELTA
; LOW ANGLE KAP ALFPPl 0 TO 30, p:LrA-s CDIALF)=CO-ALF)
COPILO: EXP 0.01, 0.022, 0.04 0.19, .36
£xp 0.37, 0.42
; MIGH ANGLE MAP ALTPP1 30 TO 90,DELTA=10 CD(ALF)}="D(-ALF)
CDPIHI: EXP 0.43, 0.531, 0.702, 0.888, 1.08
£xe 1.161, 1.2
; *% BLACK MAWK JORIZONTAL STABILIZER MOMENT #C/4 VS ALPPPl
CHPINP: :UVSUVSYY ;KAP ARGUMENT:1O0OK UP ROUTINE
ALFPFLOG ;INFUT VARIABLE
CHPlod JOUTPUT VARIABLE
-, CAPILO ;LOW ANGLE MAP NANE
Ex¢ 0.0,30.0,5.0 JLOWER LIMIT,UPPER LIMIT,DELTA-LOW ANGLE
CAPlHI jHIGH ANGLE KMAP KAME
Exr 130.0,90.0.10.0 ;LOWER LIRMIT,UPPER LIMIT,DELTA-HIGH ANGLE
; LOW ANGLE MAP ALPPFL 0 TO 30, DELTA=S
- CAP1LO: EXP 0.0, 0.00125,  0.0015, 0.005, -0.045
EXP -0.108, -0.128
: MIGN ANGLE MAP ALTPPF]1 30 TO 90, DELTA=10
CAPINI: EXP -0.1265, -0.128, -0.125, -0.125, -0.128
£xr -0.1285, -0.12%

jeeeseas INP'IT FARAMRETERS POR ROTOR INTERFERENCE ON THE HORIZI.TAIL #1 (MRPA)

; ®** BLACK HAWK FOREL/AFT M.R. DOWNWASH AT HMORIZOKNTAL TAlIL

EXPLRF.:BIVEE MAF ARGURENT:LOOK UPF ROUTINE
EXP CHIPMROO, AAIFARIG  INPUT VARIABLE 01, INPUT VARIABLE 42
EXXPloo ;OUTPUT VARIABLE
EXPILO ;LOW ANGLE MAPF NANE
Exr 0.0,100.0,10.0,13 ;LOW LIM,UFPER LIA,DELTA,$ENTRYS{OCT)-CHIPFAN
EXr -6.0,6.0,6.0 tLOW LIN,UPPER LIR,DELTA-AALIFHR
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TABLE A-1. UH-60A SPECIFIC FILE (Comt‘d)

LOW ANGLE MAP CHIPHR 0 TO 100 (DEL«10) AALPMR -6,0,6

- W

AAlFRRa-6
EXPlLO:EXP 0.0, -0.2, 0.05, 0.3, 0.54
EXP 0.8, 1.04, 1.3, 1.55, 0.8
0.0
;i AA1TRRa0
IXP -0.4, -0.6, -0.2, 0.12, 0.36 .
EXP 0.6, 0.83, 1.06, 1.3, 0.66
0.0
: ARIFAR=6
£xr -0.56, -0.8, ~0.74, -0.32, 0.04
EXP 0.32, 0.6, 0.06, l1.12, 0.54
1.0

: %% BLACK HAWK VERTICAL K.R. DOWNWASH AT BORIIONTAL TAllL

CIPIRP::BIVES SHAP ARGUMENT :LOOKX UP ROUTINE
EXP CHIPHREG,AALPHRES INPUT VARIABLE 81, INPUT VARIABLE &2
YRIP18# ;OUTPUT VARIABLE
EZP1LO ;LOW ANGLE MAP NAME
gxp 0.0,100.0,10.0,13 ;LOW LIM,UPPER LIR,DELTA,$ENTRYS(OCT)-CHIPRR
£xp -6.0,6.0,6.0 :LOW LIR,UPPER LIN,DELTA-AALFMR
; LOW ANGLE MAP CHIPMR O TO 100 (DElL=1D) AALFMR -6,0,6
; AAITRR=-§
EZIP1LO::EX?P ~0.13, 0.8, 1.8, 1.82, 1.86
£xr 1.08, 1.91, 1.94, 1.69, 1.42
1.14
¢ AALIFRR=0
%4 4 0.4, 0.94, 1.84, 1.91, 1.98
%4 4 2.04, 2.08, 2.14, 1.89, 1.62
1.35
;7 AAIPRR=6
£Xr 0.78, 1.136, 1.91, 1.98, 2.06
£Xp 2.14, 2.21, 2.128, 2.16, 1.96
1.56

;vveves FUSELAGE INTERFERENCE ON TSL BORIZ.TAIL &1 (WFPA) seeseee

;** BLACK HANK DYNAMIC PREBSURE RATIO AT BORIZONTAL TAIL V5 ALIWP

QPINP: 1 UVREN JRAF ARGUREINT:LOOK UPF ROUTINE -
ALY S JINPUT VARIABLE '
QPlowres ;OUTPUT VARIABLE
QPILO ;LOW ANGLE KAPF NARE

£xr -30.0.30.0,5.0 ;LOMER LINIT, UPPER LIRIT, DELTA
; LOW ANGLE FMAP ALFPPL -30 TO 30 DELTA=S -
QPFILO: EXP 1.0, 0.875, 0.762, 0.7¢, 0.7¢
£xr 0.76, 0.76, 0.76, 0.76, 0.82
£xr 0.90, 1.0, 1.0
;** BLACKR HAWK DOWNWASE ON BORIZONTAL TAIL V$§ ALFWF DUL TC BODY
EPPLINP: :UVRUVR Y JRAP ARGUMENT:LOOK UP ROUTINL
ALTHF & $INPUT VARIABLE
EPSPLled ;OUTPUT VARIABLE
EPPILO jLOM ANGLE MAP NANML
EX¢ -30.0,30.0,5.0 sLOMER LINMIT,UPPER LIMIT,DELTA-LOW ANGLE
EPPLE] jBIGH ANGLE KAP NANE
Lxr -90.0,90.0,10.0 JLOMER LIRIT,UPPER LIMIT,DELTA~EIGE ANGLL
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TABLE A-1., UH-50A SPECIFIC FILE (Comt'd)

7 LOW ANGLE KAP ALPPP1l =30 TO 30 DELTAeS

EPPILC: EXP 1.8, .4, 1.1, 0.8, 0.55%
EXP 0.5, 0.45, 0.40, 0.38, 0.33
EXP 0.19, -0.12, -0.40
. i HIGH ANGLE MAP ALFPPL -90 TO S0 DELTA=10
EPP1HI: EXP 0.0, 0.25, 0.7, 1.2, 1.¢€
. EXPpP 1,9, 1.8, 1.1, 0.55, 0.45
EXP 0.8, 0.19, -0.4, -0.7, ~0.75
EXP =0.65, ~0.45, =-0.15, 0.0
. ;etses INPUT PARAMETERS POR  PANEL §2 (4A) eesses

rsp2::  700.1
WLP2:: 244.0

PUSELAGE STATION, INCH
WATERLINE STATION,INCH

.
+
BLP2:: 36.6 ; BUTTLINE STATLION, INCR (+IVE TO PORT)
SAP2:: 22.5 ; SURFACE AREA OF PANEL IF NOT INCLUDIZ IN RAP
GAMP2:: 0.0 ; PANEL ORIENTATION, DEG
10P2:: 2 ; PANEL INCIDENCE,DEG
CP2:: 1.0 ; PANEL BEAN AIRO CHORD,PY

;** BLACK HAWX HORIZONTAL STABILI2ZFR (LT PANEL) L1"T COEFPICIENT VS ALFPPZ
i 5e22.5 FT**2 _ASPICT RATIO=d.6 ,0C14 AIRPOIL

CLP2NKP: :UVSUVSHE ;MAP ARGURENT :LOOR UP ROQUTINE
ALTPP24 S ; INPUT VARIABLE
CLP20d ;OUTPUT VARIABLE
CLPILO ;LOW ANGLE MAP NAME
Exp 0.0,30.0,5.0 ;LOWER LINIT, UPPER LIMIT,DELTA-LOW ANGLE
CLP2IHI ;HIGH ANGLE MAP NANME
EXP 30.0,90.0,10.0 {LOWER LIMIT,UPPER LIMIT,DELTA-HIGR ANGLE
; LOW ANGLE MAP ALFPP2 0 TO 3O0,DELTA=5 CL{ALP}e-CL({-ALP!}
CLP2LO: EXP 0.0, 0.356, 0.71, 0.92, 1.02
148, 1.02, 0.99
; HIGH ANGLE MAPF ALFPPl 30 TO 90,DELTA®10 CuL(ALF)e=CL{=ALF)
CLP2HI: IXP 0.99, 0.847, 0.847, 0.745, 0.55%8
Xp 0.294, 0.0
; ** BLACR HAWK HORIZONTAL STASILIZER DRAG V5 ALPPP2(ABS)
CDP2RP: :UVRUVREY {RAP ARGURMENT :LOOR UP ROUTINE
AFAPPZ M ;i INPUT VARIABLE
COP24d ;OUTPUT VARIABLE
CoriLO ;LOW ANGLE MAP NAKE
EXr 0.0.30.0,5.0 ;LOWER LIMIT.UPPER LIMIT,DELTA
S COP2HI JBIGH ANGLE MAP NARE
EXp 10.0,93.0,10.0 ;LOWER LIMIT,UPPER LIRIT,DELTA

; LOW ANGLE MPAP ALFPP2 0 TO 30,DELTA=S CD(ALF}=CD{-ALF)

CDOP2LO: EXP 0.01, 0,022, 0.04, 0.19, 0.38
IXP 0.37, 0.41
(%]
; HIGH ANGLE MAP ALFPPZ 30 TO 50,DELTA=10 CD{ALFI=ID(-ALF!}
CDP2RI: EXP 0.43, 0.531, 0.702, 0.888, 1.08
EXP 1.161, 1.2
; "* BLACR HAWK HORIZONTAL STABILIIER NOKENT #C/& VS ALFPP2
CHP2NP: :UVSUVSHS sMAP ANGUKENT:LOOK UP ROUTINE
ALFPPIRG ;INPUT VARIABLE
crrlen ;OUTPUT VARIABLE
CAPIL :LOW ANGLE MAP NANME
exp 0.0,30.0,%.0 JLOWER LIRIT . UPPER LINIT,DELTA-LOW ANGLE
CKP2N® ;RIGH ANGLE MAP NAME
EXF 30.0,90.0,10.0 {LOWER LIKIT,UPPER LIMIT,DELTA-BIGR ANGLE
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CMP2LO: ZXP
£Xp
CRP2HI: EXP
EXP

TABLE A-1. UH-60A SPECIFIC FILE (Cont‘d)
; LOW ANGLEZ MAP ALFPP2 0 TO 30, DELTA=S
.0, 0.00125, 0.0025, 0.005, -0.045
-0.105, -0.125
; BIGE ANGLE MAP ALFPP2 30 TO 90, OELTA=10
-0.125, -0.1125, -0.125, -0.125, -0.125
-0.125, -0.125

jeeeews INPUT PARAMETERS FOR ROTOR INTERFERENCE ON THE BORIL.TAIL #2 (MRPA}

3 *% BLACK HAWK FORE/AFT M. R. DOWNWASH AT BORIZONTAL TAIL
EXP2AP::BIVEE 7 MAFP ARGURENT:LOOK UP ROUTINE

EXP CHIPMREE,AALFARES ; INPUT VARIABLE 41, INPUT VARIABLE §2 -
EKXP244 sOUTPUT VARIABLE
EXF2LO :LOW LUNGLE MAP NAME
EXP 0.0,100.0,10.0,13 ;LOW LIM,UPPER LIM,DELTA,$ENTRYS(OCT)-CHIPAR -
EXP =-6.0,6.0,6.0 jLOW LIM,UPPER LIN,OZLTA=-AALIFNR
; LOW ANGLE WAP CEIPMRN 0 TO 100 (DEL=10) AAIFNR -5§,0,6
; AALFHR=-6
EXP2LO:EXP 0.0, -0.2, 0.05, 0.3, 0.54
44 4 0.9, 1.04, 1.3, 1.55, 0.8
0.0
; AALFAR=D
EXP -0.4, -0.6, -0.2, 0.12, 0.36
EXP 6.6, 0.83, 1.06, 1.3, 0D..6
0.0
5 AA1FHR=6
EXP -0.56, -0.8, -0.74, -0.32, 0.04
1 444 0.32, 0.6, 0.86, 1,12, 0.54
0.0

;i *¢ BLACK HAWR VERTICAL M.R. DOWNWASH AT RORIZONTAL TAIL
LIP2RP::BIVIE JAAP ARGUMENT:LOOR UP ROUTINE

EXP CHIPHRAG, AALFERREG ;INPUT VARIABLE §1, INPUT VARIABLE §2
ERZP24E ;OUTPUT VARIABLE
EIPILO ;LOW ANGLE MAP NAME
EXPp 0.0,100.0,10.0,13 ;LO# LIM,UPPER LIN,DELTA,$ENTRYS(OCT)=CHIPKR
£xp -6.0,6.0,6.0 ;LOV LIN,UPPER LIN,DELTA-AALFAR
;1 LOW ANGLE MAP CHAIPNR O 70 100 (DEL=10) AALPMR -6.0.6
; AAIFRR=-§
LIP2LO:EXP -0.13, 0.6, 1.8, 1.82, 1.8%
[ $.44 1.80, 1.91, 1.9, 1.69, 1.42
1.4
7 AALFNRa0 '
LxXp 0.4, 0.94, 1.84, 1.91, 1.98
EXP 2.04, 2.08, 2.14, 1.89, 1.62
1.35
H MlFHI-G e
ZXp 0.78, 1.36, 1.91, 1.98, 2.08
£ZXp 2.14, 2.21, 2.28, 2.16, 1.96
1.5¢

jeesese FUSELAGE INTEIRFERINCE ON TNE BORIZ.TAIL #2 (WFPA) eetese

;7** BLACK RAWMR DYRARIC PRISSURE RATIO AT RORIZONTAL TAIL V3 ALPW?
OP2MP::UVRAG JMAP ARGURERT:LOOR UP ROUTIME

ALFwred ;IKPUT VARIABLE
OP2OWT AN 1OUTPUT VARIABLE
orlLO JLOM ANGLE RAP NARE

gxp -30.0,30.0,5.0 jLOWER LIRIT, UPPER LIRIT, DELTA
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TABLE A-1. UH-60A SPECIFIC FILE (Count'd)

; LOW ANGLE MAP ALFPF2 =)0 TO 10 DELTA=S

QPILU: EXP 1.0, 0.875, 0.762, .76, 0.76
EXP 0.76, 0.76, .76, 0.7, 0.82
EXP 0.90, 1.0, 1.0

;e* BLACK BEAWK DOWNWASH OK HORIZDNTAL TAIL VS ALFWF DUE TO BODY

EPPINP: :UVRUVRE i MAP ARGUHENT:LOOK UP ROUTINE
ALPWrte ;INPUT VARIARLE
EPSP2¢E ;OUTRUT VARIABLE
EPPILO ;LOW ANGLE FEAP NAME

EXP -10.0,30.0,5.0 ;LOWER LINIT,UPPER LINKIT,DELTA-LOW ANGLE

EPP2HI ;BIGH ANGLE MAP NARE

£Xp -90.0,90.0,10.0 ;LOWER LINIT,UPPER LINIT,DELTA-HIGH ANGLE

¢ LOW ANGLE RAP ALFPPZ -20 TO 10 DELTA=S

EPP2LO: EXP 1.8, 1.4, 1.1, 0.8, 0.5%
EXP 0.9, 0.45, 0.40, 0.18, 0.33
EXP 0.19, -0.12, -0.40

;: RIGE ANGLE KMAP ALFPP2 -90 TO 90 DELTA=]O

EPP2HI: EXP 0.0, 0.28, 0.7, 1.2, 1.6
EXP 1.9, 1.8, 1.1, 0.5%, 0.4%
£XP 0.38, 0.19, -0.d4, -0.7, -0.7%
EXP -0.69, -D.45, -0.15, 0.0

jeeeee. INPUT PARMAMETERS FCR PANEL 43 (LA sevesee

FSPI:: 695.0
WLP3: 2713.0
3LP): 0.0
SAPY:: 132.)
GARP):: -%0.0
10P):: 0.0
CP):: 1.0

FUSELAGE STATION,INCH

WATERLINE STATION, INCH

BUTTLINE STATION,INCH

SURFACE AREMA OF PANEL IF ROT INMCLUDE IR KAP
PANEL ORIERTATION, DEG

PANEL IRCIDENRCE,DEG

PANEL NMEAN AREQ CHORD,FT

e ma ms we we W ma

;** BLACK HAWK VERTICAL STABILIIEK LIFT COEFFICIERT VS ALFPP)
; $=32.5 FTee2 ,ASPECT RATIO =1.92 ,002]1 MDD AIRFOIL

CLPINP: :UVRUVRSS 1 MAP ARGURENT:LOOR UP ROUTINE
ALFPPIse JINPUT VARIABLE
CLPY0s 1OUTPUT VARIABLE
CLrPiLO ;LOW ANGLE MAP NANME
EXPr -30.0,30.0,5.0 JLOWER LINIT,UPPER LINIT,DELTA-LOM ANGLE
CLPINHI BIGH ANGLE MAP NANML
EXP -90.0,90.0,10.0 ;LOWER LINIT,UPPER LINIT,DELTA-HNIGH ANGLE
; LOW ANGLE MAP ALFPP) -30 TO JO,DELTA=S
CLPILO:-EXP -1.00, -1.00, -0.93, -0.71, -0.%
£Xp -0.28, -0.06, 0.16, 0.8, 0.61
EXP 0.22, 0.8%, 0.8%
; HIGH ANGLE MAP ALFPP) -90 TD 90,DELTA-10
CLPIN!:EXP -0.0, -0.12, -0.28, ~0.46, -0.6%
£xp -0.88, -1.00, -0.9), -0.5, -0.06
EXP 0.38, 0.82, 0.89, 0.8, 0.6)
LX? C.48, 0.352, .17, 0.0
s** BLACK MAWK VEKTICAL STABILIZER DRAG CDEFFICIENT VS ALFPP)
CDPINP: - IVRUVKER iMAP ARGUHENT:LOOK UP RDUTINE
ALFPPISG 1 INPIT VARIABLE
corley ;DUTPUT VARIANLE
COPILD ;LOW ARGLE MAP NANE
EXP -30.0.30.0,5.0 ;LOWEK LINIT,UPPER LIMIT,DELTA-LOW ANGLE
CDPINI ;HIGH ANGLE MAP NAHME
EXr -%0.0.90.0,10.0 JLOWER LINIT,UPPER LIHIT,DELTA-MIGH ANGLL
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cor3Lo: rxr
LXP
EXP

CDP3HI: LXP
oxr
[ 44
Xy

TABLE A-1. UH-6CA SPECIFIC PILE (Cout'd)

§ LOW ANGLE MAP ALFPPY -30 TO 30,DELTAeS
0.36, 0.265, 0.174, 0.118, 0.066
0.033, 0.018, 0.021, 0.044, 0.092
0.162, 0.248, 0.355

; HIGH ANGLE MAF ALFPP3 -90 TO 90,0LLTA=10
1.1, 1.025, 0.965%, 0.875, 0.745
0.575, 0.36, 0.174, 0.c66, c.o0le
0.044, 0.162, 0.355, 0.58, .75
0.875, 0.965%, 1.02, 1.08

;** BLACR BAWR VERTICAL STABILIIER MOAEINT #C/4 VS ALYPPI(ABS)
CAPIAP: :UVRUVRES

7RAP ARGUAENT:LOOR UP ROUTINE

ALIPPI0 ¢ 1INPUT VARIABLE
CAP3Idd ;OUTPUT VARIABLE
CAP3ILO ;LOW ANGLE MAP NANMZ
EXP -30.0,30.0,5.0 ;LOWER LIMIT,UPPER LIRIT,DELTA-LOW ANGLE
CAP3HI HIGH ANGLE KAF KWARE
xp -90.0,90.0,30.0 JLOWER LINIT,UPPER LIMIT,DELTA-HIGH ANGLE
; LOW ANGLEL RAT ALIPPI =30 TO 30, OLLTA=S
CHMPILO: EXP -0.051, -0.051, -0.051, -0.051, -0.051
Lxr -0.051, -0.091, -0.051, ~0,051, -0.051
34 -0.051, -0.051, -0.051
; BIGE ANGLE NAP ALTPP3 -90 TO 90, OELTA=3D
CHP3RI: EXP -0.051, -0.051, -0.051, -0.051, -0.051
£xp -0.051, -0.051

jeeeeee ROTOR INTERFERINCE ON THE VERTICAL TAIL (ARPA) tewses

i ** ROTOR ERX-FACTOR ON VERTICAL TAIL RAP #¢

CXPIRP: :CONSTOS
IKXP]l 04
ERXP3R¢

1 RAP ARGUMENT:LOOR UP ROUTINE
JINPUT VAKIRLE
; OUTPUT VAXIBLE

j ** ROTOR ER1-PACTOR ON VERTICAL TAIL KAP #*+¢
EIPIRP: :CONSTHS
LRIPld®
EXIP140

1 AAP ARGURENT:LOOK UP ROUTINE
FINFUT VARIRLE
jOUTPUT VARIRLE

;esesee PUSELAGE INTERFIRENCE ON THE VERTICAL TAIL (WPPA) roesne

j** RLACK MAWEK DYNAMIC PARESSURE RATIC AT VERTICAL TAIL V5 PSINS

QPINP:: KIVie
EXP PEABWT I  ALIWT G
QPIONT 4
QPiILO
xr 0.0,30.0,5.0,7
£xp -10.0,10.2.,10.0
JALIMTP=
QPILO: EXP 0.62,
| #4 4 0.8¢,
1ALFNF=
1 344 0.62,
kXr 0.94,
IALINF=
(48 4 0.62,
Lxr 0.88,

jRAP ARGUMINT:LOOK UP ROUTINE

FINPUT VARIABLE 41, INPUT VAKRIABLE 42

jOUTPUT VAKIABLE

iLOW JNGLE MAP MARZD

;LOMER LIN, UPPER LIN,OLLTA $ITERS(CIT)-PSARNY
jLOMER LIN,UPPIR LIN, CILTA-ALTWP

; LOW ANGLE RAP PSI(ABS) 0 TO 30 OLLTA=S

-10 DXG

0.04, 0.66, 0.72, 0.7%

1.00

0 DEG

0.64, 0.86, 0.172, 0.79

1.00

10 beG

0.64, 0.66, 0.72, 0.7%

1.00
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TABLE a-1. UH-60A SPECIFIC FILE (Cont‘'d)

s3%% BLACR NAWR SIDEWASH ON VERTICAL TAIL VS PSIWF DUE TO BODY

SGP3IMP: ;UVSUVSHS sMAP ARGURENT:LOOR UP ROUTINE
FSIWFIN i INPUT VARIABLE
SIGPINY ;OUTPUT VARIABLE
S5GP3LO ;LOW ANGLE FAP NAME
exp 0.0,30.0,5.0 ;LCWER LINIT, UPPER LIMIT, DELTA~LOW ANGLE
SGP3HI sHIGH ANGLE MAF NANE
Exp 0.0,90.0,30.0 JLOWER LINIT, UPPER LIMIT, DELTA-RIGH ANGLE
; LOW ANGLE MAP PSIWF 0 TO 30 DELTA=S
SGPILO: EXP 0.0, -0.4, ~0.6, 0.8, 1
EXP 0.6, 0.2
; HIGH ANGLE MAP PSIWZ 0 TO 9C DELTA=30
SGP3RI: EXP 0.0, 0.2, 0.0, 2.0
PAGE

;eessses INPUT PARMETERS FOR TAIL ROTOR (#A) ~ (BAILEY) <wesaes

RTR:: 5.9 sRADIUS,IT

OREGTR::124.62 ;TRIM ROTATIONAL RATE, RAD/SEC

BTR:: 4.0 ;ACTUAL NUNMBER OF BLADES

FSTR::  T732.0 JFUSELASE STATICN,IN

WLTR:: 324.7 sWATERLINE STATION,IN

BLTR:: ~14.0 ;BUTTLINE STATION,IN {(«IVE TC PORT)

TWETTR::-18.0 :BLADE TWIST,DATUN CENTER OF ROTATION,DEG

BIASTA:: 6.0 jBLADE PITCH CORRECTICN FO°. N.L.TWNIST(NEG REDUCEEL PITCR’
SGAMTR:: 70.0 ;TAIL ROTCX CANT ANGLE.DY.

DEL3ITR::35.0 ;FLAPPING BINGE OFFPSET -NGLE,DEG

DELTTR::.00145%% ;RATE OF CMANGE OF COM: ANGLE WITH THRUST,DEG/LB
CHRDTR:: .81 ;BLADE CHORD,IFT

ATR:: .73 ;BLADE LIFT CURVZ SLOPE,1/RAD
BTLTR:: .92 ;BLADE IIP LOSS FASTOR

COTR:: 0.0 ;TAIL ROTOR HEAD DRAG.FTee2
IBTR::3.0996 ;T.R.BLADE SECCND MOMENT SLUCS-TT**2

DRDOTR::0.0087 ;T.R. BLADE SETTION DRAG COEFF,.CDO

DRDITR::~0.0416 ;T.R. BLADE SECTION LRAG COEZF,.CD]

DRDITR::0. 4 ;T.R. BLADE SECTION DRAG COErr,.CD2

DROTTR::~1.0 ;T.R. ROTATION 1.0 MEANS COUNTER CLOCRWISE
; WHEN VIEWED FRCH PORT SIDE

;eeeses ACTOR INTERFERNICE ON TAIL ROTOR (MRPA} seeees

;** ROTOR X-FACTOR ON TAIL RCTOR RAP =+

EXTRNP: :CONSTHE 1RAP ARGURENT:LOOR UP ROUTINE
ERZP 10O ; INPUT VARIABLE
ERXTRED ;OQUTPUT VARIABLE
;** ROTOR I-FATTCOR ON TAIL ROTOR MAP o=
ETTRMP: :CONSTO R AP ARGURENT:LOOR UP ROUTINE
EXZPIse s INPUT VARIABLE
EEZTROG ;OUTPUT VARIABLE

;eessss FUSELAGE INTERFIRENCE ON THE TAIL RCTOR (WFPA! sessen

;** TAIL ROTOR DYNAMIT PRESSURE RATIO MAP ==

OTRMP:: CONSTNS JMAP ARGUMENT:LOOK UP ROUTINE
QP3IOW? sINPUT VARIABLE
QTROWrPO S ;OUTPUT VARIABLE
;e BODY DOWNWASH CON TAIL RCTOR MAP ==
EPTRAP: :COUNSTHD sHAP ARSUMENT:LOOK UP ROUTINE
EPSPl e ; INPUT VARIABLE
EPSTREC ;OUTPUT VARIABLE
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TABLE A-1.

SGTRMP: :CONSTHI
SIGP3I4t
SIGTREE

UH-60A SPECIFIC FILE (Comnt’d)

$** BOOY SIDEWASH ON TAIL ROTOR MAP o=
JMAP ARGUMENT:LOOK UP ROUTINE

; INPUT VARIABLE

;OUTPUT VARIASBLE

;etesse VERTICAL TAIL INTERPERNCE ON TAIL ROTOK INFLOW ¢eeees

VBVTTR::30.0
KBVTTR::0.7%6

*

H

AIRSPEED BREAK PT. = NO BLOCKAGE AZOVE,KT.
TAIL ROTOR BLOCKAGE COLF. AT EOVER

jeesese INPUT PARANETERS POR EQUATIONS OF MOTION (fB) eeeces

FSCG::
WLCG: :
BLCG::

WEIGHT::16638.0

Ix::
IY::
I1z::
IXZ::
iXY::
I¥3::

AlSUL::
AlSLL::
B1SUL::
B1SLL::
THOUL: :

THOLL:

THEUL::
THERLL::

XAUL: :
XALL: :
XBUL: :
XBLL::
XCUL::
XCLL::
XPUL::
XPLL::

-“‘-'

]
B e )
ahnD U O e

355.9
248.2
0.0

4659.0

jaslz.o
16796.0

1882.0

()

(S

—
OO OOoOOOoOo

0.0
.0

L= OO oo VAW YW U O o ©
o

w %m e e we m % e

e M me oy me owms oms we

e wy e

W e me mp ma

AlS UPPER
Al3 LOWEK
BlS UPPEK
BlS LOWEK

FUSELAGE STATION,OF C.G.,INCH
WATERLINZ STATION OF C.G.,INCH
BUTTLINE STATION OF C.G.,INCH (+IVE TO PORT!

AIRCRAPT GROSS WEIGHT,IBS,

INERTIA ABOUT BOOY X-AXIS,SLUG-PTeel
INERTIA ABOUT BOOY Y-AKIS,SLUG-FTe*l
INEKTIA ABOUT BOOY I-AXIS,SLUG-PTe*2
CROSS COUPLING INERTIL,SLUG-FT=e?

LINIT
LINIT
LINIT
LINIT

THETAOD UPPER LINMIT
TBETAC LOWER LIMIT
TRETTE UPPEK LIMIT
THETTK LOWER LIMIT

AT STICK
LAT STICK
LONG STCK
LONG STCK
COLL STCE
COLL STCK

UPPER LINMIT
LOWER LIMIT
UPPEK LINMIT
LOWEK LINIT
UTPER LIRIT
LOWER LIMIT

PEDAL UPPEX LINIT
PEDAL LOWEK LIMIT
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UH-60A Vertical Stabilizer Lift Map

Figure A-21.
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APPENDIX B

S-76A MODEL DATA

The S-76A (Figure B-1) le a wmiddle-weight commarcial transport helicopter.
The airframe makes extensive use of c:ipoeites and ie extremsly clean aero-
dynamically. The baslc daelign groee weight ie 10,006 pounda and a &4-foot-
dismetir main rotor ie amployed. Two Allison T250-L30 turboshaft enginee with
a rating of 650 ehp each power the S5-76A. Approximstely 330G S-76s have been
sold, Most of these have been for comsarcial use, but military varianta ara
aleo avaljablas.

The 5-76 main trotor is a four-bladed unit utiliging S$C10%5 airfoila. The
rotor 1is of conventional articulated design with coincident flap and lag
hingee. Hinge offeet fe¢ 3.79 percent. The B-foot-diametar tail rotor has
four bledee and ie of a bearinglese darign eimilar to that of the BLACK HAWK.
Urlikmn the BLACK HAWK, the tail rotor ie¢ not canted and a fixed horizontal
etabilizer of 18.5 squsre fest is mounted at the bees of the vertical fin,
The tail :otor aleo smploys SCi095 airfoile wvhila the horizontal stabilizer
uses an inverted 4412 eeaction.

A S-76A GenHal eimulation wae already operational at Sikoreky and has been
extzasively valicdated ageinst flight teet data All of tha numerical data
used to mscdel the S-76A are provided in thie appendix. Tha firet section is a
listing of all the input data (Table B-1). The eecond eection Includee plote
vf the map data for fuselage, vartical tail and [ . - izontal tall asrodynamice
along with plote of the rotor interferance and fuselags interference data
{Figures B-2 through B-25). The tabular dats ara providac with appropriate
labsle. Map data are idantified with CenHel varlabla names providad in the
List of Symbole.

For the 5-76A model, the panel allocation was as follove:
1. Right horizontal tail

2. laft horizontal tail
Y. Vertical tail
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FSmR:: 20C.0
RLMR:: 157.0

BLER:: 0.0
RER:: 22.0
ORGTMR::30.6818
BMEK:: 4.0
ISER:: -5.0
ILPR:: 0.0

DE'.SMR::-25.0
DELINR::16.7
KAF1NR::-0.0%
KAF2RR::-0.005%
CHDTNR::1.2%17
CHDRMR::1.2917
OFSTRR:: .8))
SPRLRR::).5)
RTBDMR::125.15%
IBRR:: 159.0
MBMR:: 32.5
IRRR:: 164.0
BTLMR:: .97
DCDMR:: .002
NBSHRA:: 4
NSSHR:: &

THWRAMF: : UVREIS
XSEGRRE?
THSTHRID
TWMRLO

EXP 0.0,1.0,.05%

TWRRLO: [EXT
EX?
Exp
Exr
EX?P

TABLE B-1. S-76A SPECIFIC FILE

jeeeeess INPUT PARANETERS FOR KAIN R. _A MODULES (dA.) wneesee

me M WE my ke e W W W W Wy Wy

-

e mE mE me mE ms Mg g wy

FUSELAGE STATION,INCRES

WATERLINF. STATION, INCHNES

BUTTLINE STATION,INCHES (+IVE TO FORT)
RADIUS,IFT.

TRIXN RUTATIONAL SPEED,.RAD/SEC

ACTUAL NUMBER OF BLADES

LONGCITUDINAL SHAFT TILT, (POS.BACKWARDS),DEG
LATERAL SEAFY TILT,(POS.STARBOARD),DEG
BWASHUPLATE PEASE ANGLE,DEC

FLAPPING BIRGE GFFSET ANGLE, DEG.

LAGGING RINGE OFFSET CDEF.(FUNC(LG))
LAGGING HINGE OFFSET COEF.{FUNC(LG**3})
BLADE CRORD AT TIP,FT.

BLADE CROAD AT ROOT,IFT.

BINGE OFFSET,IFT.

EINGE TO START OF BLADE,FT.

WEIGAT OF ONE BLADE,LBS.

BLADE MOMENT OF INERTIA ABDUT BINGE, SLUG-FTeeQ
BLACE MASS MOMENT ABDUT RIMGE,SLUG-FT**2
ROT™R POLAR MOMENT OF INERTIA (LESS BLADES),SLUG-FT**2
BLACE TIP CUT OFF RATIO

DELTA DRAG COEF. FOR EACM SEGMENT

NUMBER DF BLADES SIMULATED,FIX POINT

NUMBER OF SEGMENTS SIRULATED,FIX POINT

¢* RAIN ROTOR NON LINEAR TWIST MAP **
MAP LOOR UP KARE

INPUT VARIABLE NANE

OUTPUT VARIABLE NAME

MAP NARE

LOWER LIRIT,UPPER LIMIT,DELTA

e Wy wr ey W

-

0.0, 0.0, 0.0, 0.0, 1.0

2.5, 2.6, 2.1, 1.6, 1.1

.6, .1, -.4, -.9, -1.4
-2.0, -2.4, -3).0, -31.5, -4.0
-4.5

jeessss MAIR ROTOR DOWMNWASH SUBRODULE {(dA) seseee

RCTRR: : 1
ECRRR:: 0
RSLMR:: O
TOWORR::.0)
TOMCMR:: 0.
TOMSHR:: 0

THRUST GAIN FDR UNIFOPM DOWNWASH
PITCH . RDM_GAIN FCOR DOWNWASM SIN.MARMDNIC

RDLL MDM.GAIN FORN DOWNWASM CDS.MARMDNIC

LIRE CONST.FOR UNIFORR DOWNWASM FILTER,SEC
TIRE CORST.FOR DOWNWASH SIN.KRARROM _FILTER_ SIC.
TIME CORST.FPOR DOWNWASM COS.MARMDN.FILTER, SEC.

v wy ma mp wy

;esscee PLAPPIRG/LAGGING DARPER {IC) ssssrsse

RBRRR:: 0.0

RBR . MR::C.0
ALDRR:: 0.0
BLDRR:: 0.0
CLDRR:: 15.6
LDRR:: 6.64
RLORR:: 5.0
LGCOMR::=7.5
THLCRR::2.0

s wy ms ws W wy we

PLAPPIRG MINGE SPRIMG CDNST, FT-LBS/RAD
FLAPPING HINGE DAMPER CDRST, FT-LBS-SEC/RAD

soSET DF ROUNTING DIRENSIDNS FNR LAG DAMPER IRCMES-e

ALIGRMENT DFFSET IR RELATIDM TO LAG.DEG
PIXED BLADE PITCH RELATIDNSHIP BET. ARR ARD TRIUFF

177



LOMRMP: :UVRSYSS

EX?P
L.MRLO:

,....'.
’I.I...
PSWP::
WLWF::
BLWF::
INF::

LOFNP::

EXp

TABLE B-1. §5-76A SPECIFIC FILE (Cont'd)

SSLAG OANMPER FORCE VI DAMPER ARN RATE *+
RAP LOOR UP NANME

INPUT VARIABLE NANE

OUTPUT VARIABLE NANME

LO.KR#E(16)
PLC.ARII(ALG)

. e e e we W

L .NRLO MAP NAME

0.0,2.0,.05 LOWER LINIT,UPPER LINIT,DELTA

EXr 0.0, 15.0, 35.0, 60.0, 100.0
LXr 145.0, 115.0, 315.0, 435.0, 580.0
EXP 135.0, g05.0, 1055.0, 1180.0, 1290.0
Zxe 1345.0, 1385.0, 1410.0, 1425.0, 1440.0
EXP 1450.0, 1455.0, 1460.0, 1462.2, 1464.4
ZXe 1466.6, 1468.8, 1471.0, 14713.2, 1475.4
Xy 1477.6, 1479.8, 1482.0, 1484.2, 1486.4
ZXp 1488.6, 1490.2, 1491.8, 1495.2, 1497.4

1499.6

INPUT PARAFZITERS FOR FUSELAGE/WING (BA) teresse
MOUNTING PCINT FOR MOOEL 1IN MIND TUNNEL

20L.0 ¢ PUSELAGE STATION,IN.
90.0 7 WATERLINE STATICH,1N.
0.0 + BUTTLINE STATION,IN. (+IVE TO PORT)
c.0 ¢ WING INCIOENCE,QLG.
3** FUSELAGE LITT (TALIL-OFF) VS ALFMF RAP o
UVRUVREE JRAP ABGUNENT:LOOR UP ROUTINE
ALPMT D 1INPUT VABIABLE
Lored 1OUTPUT VARIABLE
LOrLO JPRINARY ‘BAS1C) RAF KRANE
-20.0,20.9,2.0 ;LOWER LINIT,UPPER LINI1T,OELTA ~ PRIKARY RAP
LQreI JSECONDARY (B1GE ANGLE) RAP NANME

ExXP -100.0,100.0,20.0 LOWER LINIT,UPPER LINIT,DELTA -~ NIGN A4GLE RAP

LQrLo:

LOFHI:

DOFNP::

[ 48 4

; LOM ANGLE RA} :ALFPWF -20 70 20, OELTA = °

EXP -12.5, -11.1, -10.1, -8.1, 6.3
EXp -4.7, -3.2. -2.0, -0.8, -0.1
EXr 0.4, 0.7, 1.1, 1.4, 1.7
EXp 1.9, 2.1, 2.8, 1.8, 5.2
t.2
} MIGHE ANGLE RAP:ALPMF -100 TO 100, DELTA = 20
EXpr 1.0, -1.0, -4.9, -10.1, -12.5
EXr 0.4, 8.8, 1.0, 1.5, 1.0
-1.0
$1** FUSELAGE DRAG (TAIL-OPFP) VS ALFNF RAP *»
UVRUVRES 1 RAP ARGURENT :LOORK UPF ROUTINE
ALYWE D 1 INPUT VARIASLE
Dored 1OUTPUT VABIADLE
POrLc JPRIRARY (BAZIC] RAP NANML
«20.0,20.0,2.0 LOMER LINIY,UPFER LINIY,.DELTA - FRIRARY RA?
DOrul 1SECONDARY (NIGN ANGLE) RAF MARL

£xp -100.€.100.0,20.0 LOWER LINIT,UPPER LIMIT,DELTA - NIGN ANGLE RAP

DQrLo:

DOFNI:

¢ LOM ANGLE RAP:ALPWF -20 70 20, DELTA = 2

EXr 12.5. 11.2. 10.2. 2.4, .0
EXP .6, 5.5, 8.4, 5.1, 8.1
Zxp .4, 8.5, 8.65, 3.0, 5.0
£xp 2.1, .4, ’.9, 10.2, 10.5%
10.9
1 NIGH ANGLE RAP, ALPHA FROM -100 DEG TO 100 DEG, DELe.D
ExXr 1806.0, I1M4.0, 116.0, 45.0, 12.5
ExXP 8.4, 10.9, 1.0, 1.5.0, 173.0

107.0
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MNQFHP::

Exp

EXP -100.0,100.0,20.0

MQFLO:

MQFHI:

DLOFMP:

EXp -20.0,20.0,2.0,25%
EXP -10.0,10.0,10.0

DLQFLO:

DDQFMP: : UVRUVRES

£xXp

EXPr -106v.0,100.0,20.0

DDOFLO:

DDQFAI:

TABLZ B-1.

UVRUVRES
ALPWFO
nQred
nQrLo
-20.0,20
MQFHI

£X»
EXP
EXP
EXP

EXP
£xe

:BIVes
EXP PSIWSOS ALPWFOG

DLOrés
DLQFLO

£xe
EXP
EXP
EXP

EXP

EXP

PS5IWTss

DDOr 4
DDQFLO

-20.0,20.0,2.0

DOQFHI

3.9 4
1 5.9 J
EXr
3.8 4

5-76A SPECIFIC FILE (Cont'd)

**FUSELAGE PITCH MOM (TAIL-OFF) VS ALFWF MAPe»
$MAP ARGUMENT:LOOK UP ROUTINE

$INPUT VARIABLE

;OUTPUT VARIABLE

;PRIMARY (HASIC) MAP NAME

sLOWER LIMIT,UPPER LINMIT,DELTA - PRIMARY MAP
sSECONDARY {HIGH ANGLE) MAP NANE

;LOWER LIMIT,UPPER LIMIT,DELTA - HIGH ANGLE MAP

.0,2.0

; PRIMARY MAP, ALPHA FROM -20 DEGC TO 20 DEG, OELLTA = 2

-165.0, -357.0, -345.0, -130.0, -310.0
-287.0, -260.0, -232.5, -195.0, -157.5%
-120.0, -82.5, -45.0, -1.5, 0.0
67.5, 105.0, 140.0, 17130, 200.0
225.0
: BIGH ANGLE MAF, ALPHA FROM -100 DEG TO 100 DEG, DrLe=20
i8.0, -108.0, -142.0, -296.0, -365.0
—1??.0. 225.0, 183.0, 87.0, 11.0
-11.0

;**FUSELAGE DELTA LIFT (TAIL-QOFF) V5 PSIWF MARe*
sMAP ARGUMENT:LOCR UP ROUTINE

;INPUT VARIADLE #1,INPUT VARIABLE #2

iQUTPUT VARIABLE

sPRIMARY (BASIC) MAP NAME

sLDW LIX,UP LIM,DELTA,OENTRIES(OCTAL) PSIWY

;LOW LIM,UP LIM,DELTA ALPW}

fPRIMARY MAP PSIWNF -20 TO 20 DEG FOR ALFWE -10,0,10 DEG
;i ALFW® = -10 DIEG

-14.04, -12.87, -11.18, -5.84, -6.76
-4.81, -3.12, -1.82, -0.78, =-0.1}
0.0, -0.13, -0.78, -1.82, -3.12
-4.81, -6.76, -8.384, -11.18, -12.87

-14.04
; ALMWF = 0 DEG
-5.4, -4.95, -4.), -3.4, -2.6
-1.85, -1.2, -0.7, -0.13, -0.0%
0.0, -0.08, -0.3, -0.7, -1.2
-1.85%, -2.6, -3.4, -4.3, -4.95
-5.4
“LFWF = 10 DEG
-7.02, -6.15, -5.59, -4.42, -3 )8
-2.405, -1.5%6. -0.91, -0.39, -0.065%
0.0, -0.065, -0.39, -0.91, -1.5%6
=2.40%, -3.3%, -4.42, -5.59, -6.43%
-7.02

j** PUSELAGE DELTA DRAG VS PSINF MAP +*

sMAP ARGURENT: o OOR UP ROUTINE

;INPUT VARIABLE

tOUTPUT VARIABLE

sPRIMARY (BASIC) MAP NAXE

jLOWER LIRIT, UPPER LINIT, DELTA - PRIMARY MAP
tSECONDARY (HIGH ANGLE} MAP NAME

;LOW. LINMIT, UP. LIMIT, DELTA - HIGH ANGLE FAP

iPRIRARY MAP - PSIWF PrROM -20 TO 20 DEGREES, DELTA = 2

18.4, 14.8, 11.5, 8.8, 6.5

4.5, 3.0, 1.9, 1.0, 0.5

0.0, 0.5. 2.0, 1.9, 1.0

4.5, 6.5, 8.8, 11.5, l¢.8 1.8
; EIGE ANGLE MAP: FSI -100 TO 100 DEGREES, DELTA = 20
EXP 169.0, 163.0, 123.0, 62.0, ls.8
444 0.0, 10.8, 62.0, 123.0, 163.0

169.0




§-76A SPECIFIC FILR (Cont'd)

j** FUS. DELTA PITCH HOMENT VS PSIWNF MAP o+
JMAP ARGUMENT:LOOK UP ROUTIWE

;INPUT VARIABLE &1, INPUT VARIIBLE &2

JOUTPUT VARIABLE

;PRIRARY (BASIC) MAP NAME

jLOM, LINM., UP. LINM,, DELTA, & ITEAS(OZTAL),PS!
jLOM. LIN., UP. LINM,, DELTA, ALFWI

iSECONDARY (HIGH ANGLE) MAP KANE

£xp -100.¢,100.0,20.0,13;L0W, LIM., UP, LIM., DELTA, & ITCMS(OCTAL),PSI

TARIE B-].
DMQFMP::BIVBIVEE
[ 44 4 PSIWFES  ALIWFIE
DHQF
ONQrLO
ExXp +-20.0,20.0,2.0,25
EXp ~10.0.10.0,10.0
DM Nl
Ixp -10.0,10.0,10.0
PRIMARY
FALINE =
OMQrLO: EXP 180.4,
[ 44 ] 61.59,
[ 5,94 0.0,
LXr 61.59,
180.4
IALTWF =
| ¢ J 82.0,
| 5.4 4 28.0,
EXP 0.0,
EXP 8.0,
82.0
sALFNE »
EXP 57.4,
| 54 4 19.6.
EXP 0.0,
| 9§ 4 19.6,
57.4
JALTNE =
OMQFral: EXP -9.0,
[ 5.4 0.0,
-5.0
;ALTWE =
| # 4 J -4.0,
EXP 0.0,
-4.,0
:ALFWF »
Lxp -3.0,
£Xre 0.0,
-3.0
YOFSP:: BIVEBIVAR
EXP PSIWFRE , ALTWIU
YOrdd
YOFLO
Exp -20.0,20.0,2.0.25
Lxp -10.0,10.0,10.0
YQrHl
[ 44
xp -10.0,10.0,10.0
JIALTNE =
YQFLO: EXP -44.0,
rxe =-15.0,
| +.4 ] 0.0,
Xy 15.0,
44.0

jAIGA ANGLE MAP

-100.0,100.0,20.0,13;LOM. LIN., UP. LINM., OELTA. & 1TEMS(OCTAL) PSI

JLOW ANGLE MAP;PEZI -20 TO 20 OEG, ALF -10, 0, 10 oOEG

jLOW. LIM., UP. LINM., OELTA, ALTWr

KAP - PSIWF -20 TO 20 OG FOR ALPWF -10,0,10
~10 0KG
165.0, 145.2, 115.5, 88.0 .
3%.6, 4.2, 12.1, 4.4
4.4, 12.1, 2d.2, 35.6
88.0, 115.5, 145.2, 165.0 *
0 OLG
75.0, 66.0, £2.5, 0.0
18.0, 11.0, 5.5, 2.0
2.0, 5.5, 1.0, 18.0
0.0, 52.5, 66.0, 75.0
+10 OFG
52.5, 6.2, 16.75, 28.0
12.6, 7.7, 3.0, 1.4
1.4, 1.0, 7.7, 12.6
8.0, 16.75, 4£.2, 52.5

PSINF -100 TO 100 DEG FOR ALF -10,08,10

-10 0KG
5.0, 70.0, 146.0, 180.4
180.4, 146.0, Te.0, 9.0

0 orG
1.0, 12.0, 67.0, 82.0
82.0, 67.0, 32.0, 4.0

10 DIG
l.o0, 22.0, 47.0, 57.4
57.4, 47.0, 22.0, 3.0

i** FUSELAGE SIDEFORCL VS PSIMF MAP ¢ ¢

$MAP ARGUMENT:LOOK UP ROUTINE
*INPUT VARIABLE 01, INPUT VARIABLE 42

;OUTPUT VARIAMLE

sPRIMARY {BASIC) MAP NANE

:LOW. LINM., UP. LIN., OELTA, § ITERS{OCTAL) PSI
jLOM, LIM., UP. LIN., DELTA ., ALFNT

1SECONOARY {(MIGH ANGLE) MAP NANL

;LOM., LIM., UP. LIN., DELTA, ALFWF

-10.0 pES
-31.0, -31.0, -25.0, -20.0
-10.5, =1.0, -4.0, -2.0
2.0, 4.0, 7.0, 10.5
20.0, 25.0, 31.0, 7.0
180




TABLE B-1. S-76A SPECIFIC FILE (Cont'd)
;ALPMF = 0 OEG

EX? -44.0, -37.5, -32.53, -27.5, -22.%
EXP -18.5, -14.5%, -10.5, -7.0, -3.5
| 4] 0.0, 3.5, 1.0, 10,6, 1.5
%44 10.5, 22.5, 21.5, 32.5, 317.5%

44.0

;ALPWY = 10,0 DL

- jot § -57.0, =51.0, -43.0, -3%.0, ~33.0
EXP -21.5, -21.5%, -16.0, -10.%, =5.%
EXP 0.0, 5.5, 10.5, 16.0, 21.5
EXe 21.5, 313.0, 319.0, 43.0, 51.0

. £7.0

; HIGH ANGLT MAP PSI -100 TO 10C DEG, ALF -10,0,10 OEG
:ALTWF = -10 OEG

YOTPRI: EXp -5.0, -70.0, -130.0, =100.0, -44.0
Lxp 0.0, 4.0, 100.0, 130.0, 70.0
5.0
;ALTWE = 0 OFG
Xr -5.0, -70.0, -130.0, ~100.0, -44.0
Ex: 0.0, 4.0, 100.0, 130.0, 70.0
5.0
JALTWF = 10 OEG
EXP -5%.0, -70.0, -130.0, -1909.0, -57.0
£Xp 0.0, 57.0, 100.0, 130.0, 70.0
5.0
sae FUSELAGE ROLLING MOMENT VS PSIWF MAP #»
ROFKP:: BIVBIVII JRAP ARGUMENT:LOOK UP ROUTINE
EXP PSIWFIL ALPWFLG ;INPUT VARIABLE §#1, INPUT VARIABLE 12
RQraa sOUTPUT VARIABLE
RQFLO ;PRIRARY (BASIC) MAP NANE

Ex? -20.0,20.0,2.0,25 ;LOW LIMIT, UP LIMIT, OELTA, § ITEMS(OCTAL) PSI
Exp -10.0,10.0,10.0 sLOW LIMIT, UP LIRIT, DELTA ALFWP

RQFHI tSECONDARY (HIGH ANGLE) MAP NAFE
E4?-100.0 100.0.20.0,13;LOW LIAIT, UP LIMIT, OELTA, 8 ITENSIOCTAL) PSI
EXF -10.1,10.0,10.0 jLOW LIMIT, UP LIAIT, CELTA ALFWT

;LOW ANGLT. KAP:PSIHF PROM -20 TO 20 OEG FOR ALPWP-10,0,10
;ALPWE = =10.0 OEG

RQTLO:  EXP -16.3, -30.0, -24.0, -19.5, -14.5
Exe -10.0, -6.5, -4.0, 2.0, -0.5%
EXP 0.¢. 0.5, 2.0, 4.0, 6.5
Ix» 10.0, 1.5, 19.3, 24.0 0.0
- 36.%
sALFWT = ' 0 1I"2G
EX? -19.0, - .8.0, -16.5, -14.6, -13.0
Ex? -11.3, -9.0, -1.0, -5.0, -2.8
£xe 0.0. 2.5, 5.0. 1.0, 9.0
. EXP 11.3, 11.0, 14.6, 16.5, 18.0
19.¢
sALTWE = 10.0 OFEG
£xe 2.5, 15.0, 15.8, 12.7, 10.0
£x? 1.5, 5.2, 1.6, 2.0, 1.0
. £X? 0.C. -1.0, -32.90, -1.8, -5.2
£x? -1.5, -10.9. -12.7, -15.8, -19.0
-22.%

sHRIGH ANGLE ™MAP:PSIWF FROM -100 TO 100 DEG,ALFWY -10,0,12
JALFWE =-10 LEG

RQFRI: EX? 400.0, 400.0, loo. o, -120.0, ~36.5
£xe 0.0, 3.5, 120.0, -300.0, -40€.0
-400.0
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TABIE B-1. 8-76A SPECIFIC FILE (Cont’'d)

tALTW? = 0 DEG
EXP 400.0, 400.0, 300.0, 0.0, ~1%.0
EXP 0.0, 1%9.0, 0.0, -300.0, -400.0

-400.0

JALFWP = 10 DEG
EXr 400.0, 400.0, 300.0, 60.0, 2.5
EXP 0.0, -22.5, ~60.0, -300.0, -400.0

-400.0

1** PUSELAGE YAWING ROMENT VB PEINF KAP ¢+
NQFAP:: BIVBIVEE {MAP ARGUNMENT:LOOK UP ROUTINE
xr PSINFEQ,ALYWFA & ;INPUT VARIABLE #1, INPUT VARIABLE §2

NOP#L }OUTPUT VARIABLE
NQFLO 1PRIFARY (BASIC) MAP NAME

gxr -20.0,20.0,2.0,25% LUW LIMIT, UP LIARIT, DELTA, & ITERS(OCTAL) PSI
gxr -10.0,10.0,10.0 1LOW LINIT, UP LINIT, DELTA ALYWP

NQFHI tSECONDARY (HIGH ANGLE) MAP NAME
EXxp-100.0,100.0,20.0,13;L0W LINIT, UP LIMIT, DELTA, & ITEMS(OCTAL) PBI

EXPF -10.0,10.0,10.0 $LOW LIMIT, UP LIRIT, DELTA ALTWP

JLOW ANGLE MAP:PSINT =20 T0 20 LEG FOR ALFWP = =10,0,10
JALFWP = =10 DEG

NQPLO: EXP -80.0. -117.0, -141.0, -155.0, -160.0
EXP -156.0, -144.0, -122.0, -90.0, -48.0
EXP 0.0, 48.0, 90.0, 122.0, 144.0
Xy 156.0, 160.0, 155.0, 141.0, 117.0
80.0
JIALFWF = 0 DEG
Xy -322.0, -145.0, -154.0, -151.0, -149.0
xe -136.0, -116.0, -90.0, -60.0, -31.0
EXP 0.0, 11.0, 60.0, $0.0, 116.0
EXP 136.0, 14%.0, 153.0, 154.0, 145.0
122.0
;ALFWP = 10 DEG
xr -90.0, -8%.0, -84.0, =76.0, =-67.0
ZXp -57.0, -47.0, -16.0, -24.0, -12.0
EXP 0.0, 12.0, 24.0, 36.0, 47.0
xr 57.0, 67.0, 76.0, #4.0, 49.0
90.0
JHIGR ANGLE MAP:PSINF -100 TO 100 DEG POR ALMWF = -10,0,10
;ALFWF = =10 DEG
NQFNI: EXP 1100.0, 600.0, 400.0, 300 0, -80.0
xr 0.0, 80.0, -300.0, -400.0, -600.0
-1100.0
JALYWF = 0 DEG
EXP 1100.0, 600.9, 400.0, 300.0, -122.0
xe 0.0, 122.0, -300.0, -400.0, =-600.0
=1100.0
JALTNF = 10 DEG
xr 1100.0, ¢00.0, 400.0, 0.0, -%0.0
xr 0.0, 90.0, 0.0, -400.0, -600,9
-1100.0
7 ** PUSELAGE PITCHING ROMENTE VS M.R, TERUST o°
RQFPAP: UVRAN : NAP ARGUNENTS: LOOK UP ROUTINE
PSINEIE 7 INPUT VARIABLE NANE
RQFPATE ; OUTPUT VARIABLE MNARE
MOrPLO 1 RARL OF RAP
EXP -20.0,20.9,2.0 ; LOWER LINIT,UPPER LINIT,DELTA
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TABLE B-1. §-76A SPECIFIC FILE (Cont’'d)
3 ** PSINT= -20.0 TO 20.0 IN 2 DEG INCREMENTS

MQFPLO: EXP 65,0,
EXP 61.0,
EXp 0.0,
EXp -49.90,
EXp =-35.0

65.0, 65.0, 65.0, 63.0
56.0, 50.0, 31.0, 15.0
-15.0, -25.0, ~35,0, -44.0
-51.0, -50.0, ~-45.0, -40.0

jeessss ROTOR INTERFERENCE ON THE FUSLEAGE (MRPA) roerer

EXWINP: :UVREd

;** ROTOR X-FACTOR ON FUSELAGE MAP =+
sMAP ARGUMENT:LOOK UP ROUTINE

CHIPMRAU ; INPUT VARIABLE
ERXHE04 ;OUTPU™ VARIABLE
EXWFLO JPRIMA.(Y (BASIC) MAP NANME

ExP -20.0,100.0,10.0 ; LOWER LIMIT, UPPER LINIT, DELTA

EXWFLO: EXP -0.15, -0.04, ¢.08, b.20, 0.23
LxXe 0.46, 0.60, 0.74, 0.89, 1.00
EXP 0.20, -0.50, =0.55

;** ROTOR I-FACTOR ON FUSELAGE MAP o»
s MAP ARGUMENT:LOOR UP ROUTINE
CNIPARAL4 i INPUT VARIABLE
ERIWFAQ ;OUTPUT VARIABLE
IWFLO ;PRIMARY (BASIC) WMAP NAKE
Exp -20.0,100.0,10.0 tLOWER LINMIT, UPPER LIMIT, DLLTA

EIWFAP: :UVRI4

EIWFLO: EXP 1.20, 1.1, 1.22, 1.23, 1.24
£xr 1.25, 1.26, 1.27, 1.2e, 1.29
Lxr 1.15, 1.00, 1.05

jeeess TLPUT PARAMETERS FOR PANEL 41 (RT HORIZONTAL] teeees

rSPl:: 473.0
wWLPl:: 100.8
BLPL:: =-25.0

SAPl:: 9.25
CAMPLl:: C.0
10Pl:: 2.0
CPl:: 1.0

FUSELAGE STATION, INCH

WATERLINE STATION, INCH

BUTTLINE STATION,INCA (<+IVE TO PORT)
SURFACE AREAR,FT+*2

FANEL ORIEMTATION,DEG

PANEL INCIDENCE,DEG

PANEL MEAN AERO CHORD,PT

- e

LE IR TRESTE TR N

;** NORIZONTAL STABILIZER (RT PANEL) LIFT VS ALFPPLl KAP

CLPIAP: : UVRUVRIS
ALPYPING
CL 100
CLP1LO
EXPr -24.0,24.0,2.0
CLPIN]
EXr -90.0,90.0,15.0

sRAP ARGUMENT:LOOK UP ROUTINE

FINPUT VARIABLE

jOUTPUT VARIABLE

iPRIRARY (BASIC) MAP NANE

;LOWER LINMIT, UPPER LIMIT,DELTA - LOW ANGLE
iSECONDARY (BIGN ANGLE! RAP NAKRE

sLOWER LIAIT, UPPER LINIT, DELTA - BI ANGLE

KAP

MAP

;LOW ANGLE MAP:ALFPF! -24 TO 24 DEG, DELTA = 2 DIG

CLPILO: EXP -0.76, ~-0.90, =-1.15, -1.19, -1.17
149 4 -1.13, -1.07, -1.00, -0.06, -0.M
£xr -0.57, -0.42, -0.27, -0.12, 0.6}
£xr 0.17, 0.30, 0.19, 0.45, 0.49
exr 0.51, D.46, n.50, 0.55, 0.60

sRIGR ANGLE KAP:ALFPP] -30 TO 90 DEG, DELTA =« 15 DEG

CLPINI:. EXP 0.0, -0.135, -0.70, -0.080, -0.75
£xr -0.775. -0.27, 0.45, 0.70, 0.60
1 44 4 0.70, 0.135, 0.0

;** BORIZONTAL STABILIZER (RT PANEL) DRAG VS ALPPFl KAP *-
COPIAP: : UVRUVRIN sMAP ARGURENT:LOOK UP ROUTINE
ALFPP1 0O ; INPUT VARIABLZ
Corl et ;OUTPUT VARIABLE

CoPILO sPRIRALY (BASIC) KAP NARE
EXP -24.0,2¢4.0,2.0 ;LOWER LINMIT, UPPEL LIMIT., DELTA - LOW ANGLE RAP
COPIN! ;SECONDARY (H1GB ANGLE! MAP NAME
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TABLE B-1. $-76A SPECIFIC FIIX (Comt’'d)
JLOW ANGLE MAPIALPPPY =24 TO 24 DEG, DEZLTA = 2 DIG

COPILO: EXP 0.6, 0.35, 0.4, 0.32, 0.29
EXP 0.21, 0.13, 0.08, 0.06, 0.045
Lxre 0.03, 0.02, 0.013, 0.00%, 0.00%
134 o.012, 0.016, 0.622, 0.03, 0.065
Lxe 0.11. 0.15, 0.18, 0.22, V.26
fHIGH ANGLE MAP:ALPPP] -%0 T0O %0 DEG, OLLTA = 15 UIG
CDPIHI: EXP 1.20, 1.12, 0.91, 0.65, 0.41 .
344 0.285, 0.013, 0.185, .11, 0.58
xe 0.89, .12, 1.20 .

jeeeecss INPUT PARAMETER FOR ROTOR INTERPERENCE ON THL HORIZ.TAIL #1 (RRPA)
$** ROTOR X-PACTOR ON BORIZONTAL TAIL MAP o»

EXPIRP::BIVIS i KAP ARGUNENT:LOOK UP ROUTINE
Lxr CHIPRROO ,AALIPRRES ;INPUT VARIABLE 4], INPUT VARIABLE 12 -
EKXPl40 $1OUTPUT VARIABLE
EXP1LO i MAP NANE
EXP -20.0,100.0,10.0,15;LO0W LIR, UP LIM, DELTA, SITERS(OCTAL} CH1
EXr -3.0,3.0,3.0 jLOWER LIRIT, UPPER LIRIT, DELTA = AALFRR

;CEIPRR =20 TO 100 OLG POR AALIPHRN -3,0,3 DIG
iAAIFBR =« -] DIG

EXP1LO: EXP 0.0, 0.0, -0.42, 0.05, 0.24
EXP 0.42. 0.62, 0.04, 1.08, 1.4
EXP 1.400, 0.09, 0.50
iAALFRR = 0 DEG
ZXrP 0.0, 0.0, -0.40, -0.1%, 0.20
EX?P 0.40, 0.60, 0.02, 1.07, 1.4
rxr 1.50, -0.05, 0.50
JAAIPRR = 3 OEG
Lxr 0.0, 0.0, =-0,45, -0.62, 0.02
Lxr 0.23, 0.45, 0.67. 0.92, 1.1%
EXP 1.5, 0.1¢, ¢.50
:*¢ ROTUR I-TACTOR ON BORIIONTAL TAIL MAP ¢
EIP1RP::BIVHS $MAP ARGUMENT:LOOK UP ROUTINE
ZXp CHIPRRA ,AAITHRES ;INPUT VARIABLE #]1. INPUT VARIABLE #2
ERIP1dN 1OUTPUT VARIAMLE
LIPILO tPRIKARY {BASIC) MAP NANE
£xp -20.0,100.0,10.0,15;LOW LIN, UP LIR, DELTA, JITERS{OCTAL) CRI
Lxr -3.0,3.0,3.0 tLOWER LIMIT, UPPER LIRIT, OELTA = AAITHR
JCHNIPAR =20 TO 100 OEG FOR AALTRR -3,0,3 OEG
;AAITHR = =1 OEG
EIPILO: EXP -0.30, -0.40, -0.50, 1.76, 1.80 .
LXr 1.83, 1.05, 1.47, 1.88, 1.89 ¢
(o] 1.e85, 1.47, 0.90
JAAIPRR = 0 OLG
Exr -0.10, -0.40, -0.50, 1.15, 1.4}
LXrP 1.86, 1.00, 1.90, 1.92, 1.92 e
£xr 1.90, 1.69, 1.00
iAMAIPAR = ] DEG
xr -0.30, -0.30, -L.30, =1.40, 1.82
EXP 1.91, 1.95, 2.00, 2.03, 2.05

EXP 2.07, 1.74, 1.15
jeeeees FUSELAGE INTERFEIRNCE ON TRE ROXII.TAIL 41 (WFPA) eeesee
1%* BORIZONTAL TAIL DYNARIC PRESSUAL RATIO KAPe*

QPINP:: UVRIN JRAP ARGUMENY:LOOK UP ROUTINE
F 3%, (g ] ] JINPUT VARIABLE
QP1Quire s tOUTPUT VARIABLE
QrilLo tPRIRARY (BASIC) RAP NARK
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TABLE B-1. S-76A SPECIFIC FILE (Cont‘d)

EXr -20.0,20.0,4.0

;LOWER LIMIT, UPPER LINIT, DELTA

JALFWF =20 TO 20 DEG, DELTA e« 4 DIG
QP1LO: EXP 1.00, .96, .82, .14, .74
EXP .74, .79, .79, .85, .96
1.00

EPPIMEF: :UVRESR

;** BODY DOWNWASN ON HORIZONTAL TAIL MAP =+
sMAP ARGUMENT:LOOK UP ROUTINE

ALTWFIY ;s INPUT VARIABLE
EPSF14% jOUTPUT VARIABLE
EPPILO ;PRIMARY (BASIC) MAP NANME

EXP -40.0,40.0,5.0

jLOWER LIMIT, UPPER LINMIT, DELTA

7LOW ANSLE MAP:ALFWF -40 TO 40 DEG, DELTA = 5 DEG

EPPILO: EXP 0.0, 1.0, 2.0, e, 4.0
EXP 3.6, 3.1, 2.6, 2.1, 1.55
EXP 1.0, 0.5, 0.0, 0.0, 0.0
EXP 0.0, e.0

SCPIMP::BIVES
EXP PSIVNFOG ALFWIIE
SIGPlee
SGP1LO
EXP -24.0,24.0,4.0,15
EXP -10.0,16.0,10.0

s** S0DY SIDEWASH ON NORIZONTAL TAIL MAP *»
JMAP ARGUMENT:LOOK UPF ROUTINE

INPUT VARIABLE &1, INPUT VARIAEBLE 2

;OUTPUT VARIABLE

;PRIMARY (BASIC) MAP NANME

;LOW LIMIT, UP LIMIT, OELTA, #ITEMS(OCTAL),PS5!
;LOW LIMIT, UP LINMIT, DELTA, ALTWF

;LOW ANGLE MAP:PSIWF -24 TO 24 DEG FOR ALFWF -10,0,10

:ALFWF = -10 DEG
SGP1LO: EXP 0.0, ~2.4, -4.8, -3.6, -2.4
EXP -1.2, 0.0, 1.2, 2.4, 1.6
ZXp 4.8, 1.4, 0.0
JALFWE ¢ DEG
EXP 0.0, -1.5, =31.0, -1.7, -0.4
rap 0.2, 0.9, 0.2, 0.4, 1.7
EXP .o, 1.5, 0.0
;ALFWr = 10 DEG
EXP 0.0, 1.6, 3.2, 4.8, 1.2
EXP 1.6, 0.0, «1.6, -3.2, -4.8
EXP -3.2, -1.6, 0.3

jreses INPUT PARANMETERS

FOR PANEL 42 {LT HORIZONTAL, #ssscs

F5pl:: 471.8 ; FUSELAGE STATION, INCH

WLPl:: 100.8 ;i WATEARLINE STATION, INCHN

BLP2:: 25.0 7 BUTTLINE BTATION,INCN («IVE TO PORT)
SAPZ:: 9.25% 7 SURFACE AREA FTe+2

GAmMP2:: 0.0 ;s PANLL ORIENTATION,CEG

10p2:: 2.0 ;7 TAIL INCIDENCE,DEGC

crl:: 1.0 7 PANEL MREAN AERO CHORO,TT

:** NORIZONTAL STABTL_.IER (LT PANEL) LIFT V5 ALFPPI MAP **

LPIRP:UVALVAS

iMAP ARGUXENT:LOOK UP ROUTINE

ALTP?P28s ;INPUT VARIABLE
CLP2ds ;OUTPUT VARIABLEL
cLriLC sPRIRARY (BASIZ) MAP NAME
EXP -24.0,24.0,2.0 ;LOWER LIMIT, UPPER LIMIT,DELTA - LOW ANGLE MAP
CLP2NI ;SECONCARY (HIGN ANGLE) MAP NANME

EXP -90.0,90.0,15.0

;LOWER LIMIT, UPPER LINKIT, DELTA - HI ANGLE RAP

;LOW ANGLE MAZ:ALTP?2 -24 TO 24 DEG, DELTA = 1 OLG

CLPILO: EXP -0.76, -0.90, -1.15, -1.19, -1.17
Ixe -1.1}, -1.07, -1.00, -0.06, -0.71
EXy -0.57, -0.42, -0.27, -0.12, 0.0}
£Xe 0.17, 0.30, 0.19, 0.45, 0.49
EX? 0.51, 0.46, 0.530, 0.55, 0.60
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;BIGE ANGLE MAP:ALFPPZ -90 TO 90 DEG, DELTA « 15 DEG

CLP2RI: ETX? 0.0, -0.35, -0.70, -0.00, -0.75

EXr -0.7175, -0.21, 0.45, 0.70, 0.40

£xr 0.70, 0.35, 0.0

;** HORIZIONTAL BTABILIIER (LT PANEL]) DMAG V5 ALPPP2 MAP e

CDP2RP: :UVRUVRIN JMA® ARGUMENT:LOOR UP ROUTINE

ALPPP244 JINPUY VARIABLE

COP24¢ 1CUTPUT VARIABLE

CDP2LO JPRIMARY (BASIC) MAP NANE
EXP -24.0,24.0,2.0 JLOWER LINMIT, UPPEIR LIMIT, DELTA = LOW ANGLE MA?

CDP2HT JSECONDARY (HIGA ANGLE) RAP NANME

£xr -90.0,90.0,15.0 jLOWER LIMIYT, UPPER LINIT, DELTA - NI ANGLE RAP
;LOW ANGLE MAP:ALPFP2 =24 TO 24 DEG, DELTA « 2 DEG

CDTILO: EXP 0.136, 0.135, 0.34, 0.32, 0.29
EX? 0.21, 0.13, 0.d0, 0.96, 0.045
Exr 0.03, 0.02, 0.013, 0.009, 0.009
344 0.012, 0.016, 0.022, 0.03, 0.065
Exp 0.11, 0.15, 0.18, 0.22, 0.26
;HIGR ANGLE FAP:ALFPF2 -90 TO 90 DEG, DELTA = 15 DIG
CDP2HI: EX? 1.20, 1.12, 0.91, 0.65, 0.41
EXP 0.285, 0.013, 0.185, 0.31, 0.58
EXP 0.09, l1.12, 1.20

jetesse INPUT PARAMETER POR ROTOR INTERPERENCE ON TRE BORIZ.TAIL 62 {RRPA)
i** ROTOR X-PACTOR ON RORNIIONTAL TAIL MAP o

EXP2NKP: BIVEY ;MAP ARGURENT:LOOK UP ROUTINE
EXP CHIPRR#$ ,AALIFRROS ; INP'T VARIABLE #1, INPUT VARIADLE &2
EKXP24d iQUTPUT VARIABLE
EXP2LD : MAP NANME
Exr -20.0,100.0,10.0,15;L0W LIR, UP LIF, DELTA, GITERS(OCTAL) CMI
EXF -3.0,13.0,3.0 JLONER LIKIT, UPPER LINMIT, DELTA - AALPHMR

jCHIPAR =20 TO 100 DEG POR AALFEMR -3,0,) DEC
:AAIPRR = -} DEG

EXP2LO: EXP 0.0, 0.0, -0.42, 0.05, 0.24
EXP 0.42, 0.82, 0.84, 1.08, 1.4
124 1.40, 0.09, 0.50
IAAIPRR = 0 DEG
[ 34 4 0.6, 0.0, =0.40, -0.19, 0.20
EXP 0.40, 0.6C, 0.82, 1.07, 1.34
134 1.50, -0.05, 0.50
(AAIPRR = 3 DEG
EX? 0.0, 0.0, -0.45, -0.62, 0.02
xr 0.213, 0.45, 0.67, 0.92, 1.19
EXr 1.51, 0.1¢, 0.50
7** ROTOR I-FPACTOR ON BOZIIONTAL TAIL MAP *¢
ELPIRP::BIVIE ;MAP ARGURENT:LOOK U? ROUTINE
444 CHIPRRES AAIFMRES ;INPUT VARIABLE §1, INPUT VAKIABLE §2
EXLP24¢ JOUTPUT VARIABLE
EIP2LO IPRIRARY (BASIC) MAP NARL
EXP -20.0,100.0,10.0,I5;LO0W LIR, UP LIR, DELTA, $ITIRS(OCTAL) Ca&I
£xr -3.0,3.0,3.0 JLOWER LIRIT, UPPER LIMIT, DELTA = AAIPRR

jCRIPRR ~20 TO 100 DEG POR AALPRR -1,0,3 DEG
{AAIPRR « -3 DEG

E1r2L0: EXP -0.30, =0.40, -0.50, 1.7¢, 1.80
LX? 1.813, 1.85, 1.47, 1.80, 1.9
ZX?r 1.85, 1.47, 0.9%0
iMALFRR = 0 DEG
xr -0.30, -0.40, =0.50, 1.18, i %)
Xy 1.86, 1.84, 1.9%0, 1.92, 1.92
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ZXP

EXP
EXP
EXP

TABLE 8-1. S-76A SPECIFIC FILE (Comnt'd)

1.%0, 1.60, 1.00
IAALIFRR = 3 DEG
-0.30, -0.30, -0.30, -1.40, 1.82
1.91, 1.95, 2.00, 2.0}, 2.05
2,07, 1.74, 1.15

;eeeees PUSELAGE INTERFERNCE ON THE HORIZ.TAIL 42 (WFPA) Sesces

QP2RP:: UVRIW

to* BORIZIOWTAL TAIL DYNANKIC PRESSURE RATIO MAPe*

fMAT ARGUMENT:LOOK UF ROUTINE

ALFWI S FINFUT VARIABLE
QPIQWTred OUTPUT VARIABLE
QP2LO fPRIPARY (BASIC) RMAP NARE

EXP -20.0,20.0,4.0

QP2LO: EXP
[ 54 4

EPPINTF: ;UVRIN
ALTWFRS
EPSP204
EPP2LO

EXP -40.0,40.9

EPP2LO: EXP
EXr
LXp
EXp

SGT2RP::BIVIY
EXP FSIWres
SIGP204
SGPLLO
EXr ~24.0,24.0
EXr -10.0,10.0

SGP2LO: EXP
EXT
LXr

Exp
LXr
£Xp

1 &9 4
| 54 4
LXp

jLOWER LINIT, UPPER LINMIT, DELTA

ALFWF =20 TO 20 PEG, DELTA = & DEG

1.00, .96, .82, .74, .74
.14, 7%, .19, .85, .96
1.00

1** 30DY DOWNWASH ON BORIZONTAL TAIL MAP =+*
s MAF AFGURENT:LOOK UP ROUTINE

; INFUT VARIABLE

;OUTPUT VARIABLE

sPRINDARY {BASIC) MAP NAME
5.0 LOWER LINIT, UPPER LIRIT, DELTA

;LOW ANGLE MAP:AITWF -40 TD 40 DEG, DELTA = S DEG

0.0, 1.0, 2.0, l.o, 4.0
3.6, 3.1, 2.6, 2.1, 1.5%5
l1¢, 0.5, 0.0, 0.0, 0
0.0, 0.0

;** BODY SIDEWASH ON BMORIZONTAL TAIL HAP *»
JRAP ARGURENT:IO0K UP ROUTINE

SALTWPES ;INPUT VARIABLE 41, INPUT VARIABLE 42
1OUTPUT VARIABLE
;TRIRARY (BASIC) MAP NANME

4.
+ 40

0,15 ;LOW LIRIT. UF LIRIT, DELTA, $ITEMSIOCTAL),PSI
.0 ;LOW LINMIT, UP LIMIT, DELTA, ALFWF

tLOW ANGLE RMAP:TFSIMF -24 TO 24 DEG FOR ALFYWF -i0,0,10
;ALIMY e =10 DEG

0.0, -2.4, -4.8, -3.6, -2.4
-1.2, 0.0, 1.2, 2.4, 1.6
4.8, 2.4, 0.0

(ALIHF = 0 DEG

0.0, -1.5, -3.0, -1.7, -0.4
-0.2, 0.0, 0.2, 0.4, 1.7

).0, 1.5, 0.0

;ALFWF « 10 DEG

0.0, 1.6, ).2, 4.8, ).2

1.6, 0.0, -1.6, -3.2, -¢.8
-3.2, ~-1.6, 0.0

jeeeses INPUT PARAAETERS FOR PANEL #) {VERTICAL TAIL) wecteeen

INTP):: ERPIAVE
MrPIAVE
GrlAvVEKS
i

rSPd:: 490.0
wLPY:;: 141.)
BLP):: 0.0

H
6, . RRFANS;

*+ INTERFERENCE SUBMODULE DEFINITION®*

[VAR.BLK.,SUBNOD) R.R. - TFANIL 4}
O, . MFFANS; (VAR.BLK., EUBROD) BODY -~ FANIL 03
0,,.GFA00 ; {VAR.BLX.,SUBROD.NAREL) GUST(A®) ~ PANIL ¢)
; TERMINATE INTEXFEXENCE SUBMODLE LIST

[
}
1}

FUSELAGE BTATION, INCH
MATERLINE ETATION, INCH
BUTTLINE ETATION,INCK (+IVI TO FOKT)
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TABLE l-_l. 8-76A SPECIFIC FILE (Cont'd)

SAPY:: 19.) 1 SURPACE AREA,PTe*]
GARP3:: -90.0 1 PANEL ORIENTATION,DIG
opd:: 1 1 PANEL INCIDENCE,DEG
CP3:: 1.0 § PANEL MEAN ALRO CBOXD,IT
7°® VERTICAL STARILIZER LIPT VS ALPPP] RApP o¢
CLPINP: : UVRUVREY 1 KAP ARGUMENT:LOOKR UP ROUTINE
ALPPPINS ;1 INPUT VARIADLE
CLPINN ;OUTPUT VARIABLE
' CLPFILO jPRIMARY (BASIC) MAP NAME
EXr -24.0,24.0,2.0 JLOWER LIAIT, UPPER LIAIT, DELTA - LJUW ANGLE NAP
CLPIN] }BECONDARY (BIGH ANGLE) MAP RARE

EXP -90.0,90.0,15.0 jLOWER LIAIT, UPPER LINIT, DELTA = NI ANGLE MAP
1LOM ANGLE NAF:ALPPP) -24 TO 24 DEG, DELTA = 2 DIG

CLPILO: EXP -0.76, -0.95, -0.689, -0.82, -0.75
Lxp -0.68, =-0.60, -0.52, -0.44, -0.36
| 4.4 4 -0.25. -0-20’ -0-12' -o.o‘p 0.0‘
44 e.12, 0.195, 0.27, 0.35, 0.43
LxXp 0.51, 0.59, 0.66, 0.73, 0.66
sHIGA ANGLE MAP:ALPPP3 -%0 TO 90 DEG, DELTA = I5 DEG
CLPIHI: EXP 0.0, «0.35, =0.70, =0.77, -0.70
£xy -0.85. -0.12, 0.60, 0.70, 0.77
EXr 0.70, 0.35, 0.0
7** VIRTICAL STABILIZER DRAG VS ALFPP] RAP
COPINP: :UVRUVREL jRAP ARGUAENT:LOOK UP ROUTINL
ALPPPINN 1INPUT VARIABLE
coring 1OUTPUT VARIABLE
coPiLO JPRIRARY (RASIC) WrP NAME
EXP -24.0,24.0,2.0 jLOWER LIAIT, UPPER LIRIT, DELTA - LOW ANGLE RAP
corinl ;SCCONDARY (BIGA ANGLE) MAP NAME

Exp -$%0.0,90.0,15.0 ;LOMER LIMIT, UPPER LINIT, DELTA - RI ANGLE KRAP
jLOW ANGLE MAP:ALPPP) -24 TO 24 DEG, DELTA = 2 DIG

corlLo: Ex* 0.240, 0.215, 0.175, 0.145, 0.11Y
34 4 0.0%7, 0.077, 0.061, 0.048, 0.034
Exp 0.023, 0.016, 0.011, 0.009, 0.009
Lxp 0.012, 0.017. 0.024, €.034, 0.047
34 4 0.063, 0.080, 0.110, 0.150, 0.210
tBIGHE ANGLE MAP:ALFPP) -%0 TO 90 DEG, DELTA = 15 DIEG
CDPINL: EXP 1.20, l.12, 0.69. 0.58, 0.31
LXp 0.185, 0.011, 0.135, 0.26, 0.54
xr 0.46, 1.12, 1.20

jeestes ROTOR INTERFERENCE ON TBE VERTICAL TAIL 4I (MRPA) osecese
7** ROTOR X-FACTOR OW VERTICAL TAIL MAP *»¢

EXPINP::RIViS IKAP ARGUNENT:LOOK UP ROUTINE
EXr CBIPRREE AAIPEREIS JINPUT VARIABLE §1, INPUT VARIARLE 02
EKXP38d jOUTPUT VARIABLE
LXP) IPRIKARY (BASIC) MAP MANI
EXP -20.0,100.0,10.0,15;L0W LIM, UP LIM, DELTA, #ITERS{OCTAL) CKI
Exr -3.0. 3.0, 3.0 JLOWER LINIT, UPPER LIRIT, DELTA - AAIFMR

;CRIPAR =20 TO 100 DEG POR AALIPRR -3, D, ) DEG
JAAIFAR = -3 DIEG

LXP)3: 344 -0.20, -0.10, -0.25, -0.50, -0.40
444 -0.10, 9.59, 0.83, 1.09, 1.37
xr I1.49, 0.03, 0.0
IMVIPNR = 0 DEG
ExP -0.20, -0.10, -0.25, ~0.50, -C.50
Exr -0.50. -0.25, 0.45, 1.10, I1.3¢
£xp 1.73, .04, 0.0
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TABLE B-1. S-78A SPECIFIC FILE (Cont’d)
IAAIPER = ) DEG

EXP -0.20, =-0.10, -0.2%, -0,50, -0.50
Exr =-0.50, =-0.50, =-0.135, -0.20, 0.80
EXpP 1.63, J.01, 0.0
;4* ROTOR Z~PATTOR ON VERTICAL TAIL MAP *»
EIP3IMP::BIVIN JMAP ARGUMENT:LOOR UP ROUTINE

. EXP CHIPHROO ,AALPHRIG ;INPUT VARIABLE §1, INPUT VARIABLE 2
EKZPIN ;QUTPUT VARIABLE

s EZFILO sPRINARY (BASIC) MAP NANE

EXP -20.0,100.0,10.0,15;L0W LIN, UP LINM, DELTA, QITEMS(OCTAL) CEHI
EXP -5.0,3.0,3.0 jLOWER LINIT, UPPER LINMIT, OELTA = AAIPMER

EIPILO

;CRIPHR 0 TO 100 DEG FOR AALlFMR -3, 0, 3 DIG
iAAIPMR = -] DEG

: EXP 0.0, 0.0, -0.12, -0.04, 0.9%
£x» 1.45, 1.97, 1.99, 2.00, 1.99
£Xr 2.01, 1.8¢, 1.0%

;AA1PMR = 0 DIG
EXP 0.0, 6.0, -0.05%, 0.0, 0.20
EXP i.03, 1.83, 2.07, 2.06, 2.07
EXP <.07, 2.00, 1.25

iAAIPAR = ) DEG
EXP 0.0, 0.0, -0.04, 0.0¢, 0.20
Exr 0.45, 1.05, 1.47, 1.77, 2.08

EXP 2.24, 2.21, 1.50

;weeess PUSELAGE INTERPIRENCE ON THE VERTICAL TAIL 41 (MFPPA) oweess

(o] 1.0 3
ZXr

Exp

LXr

QP3LO:

ErPIP

t** VERTICAL TAIL DYNAXIC PRESSURE RATIO MAP **

ATVl ;MAP ARGUNENT:LOOR UP ROUTINE
PSINFO0 ALFWPES ;INPOT VARIABLE 41, INPUT VARIABLE 42
QPrIOWra fOUTPUT VARIABLE
oriLo PEIMARY (BASIC) MAP NAME

-20.0,20.0,4.0,13 ;LOW LINIT, UP LIM.T DELTA, OITEMS(OCTAL),PS1
-10.0,10.0,5.0 :LOW LIMIT, UP LINIT, DELTA. ALFWY

;LOW ANGLE MAP:PSIWP -20 TO 20 DEG FOR ALFwr -10,0,10
;ALFWP « -10 DEG

xp 1.00, 0.97, 0.92, 0.89, 0.84
EXP 0.75%, 0.84, 0.89, 0.92, 0.97
1.00
;ALFWMY « -5 DEG
EXP 1.00, 0.96, 0.88, 0.85, 0.77
EXP 0.72, 0.77, 0.85, 0.88, 0 %6
1.00
JALTME = 0 DEG
Zxp 1.00, 0.95, 0.25%, 0.42, 0.7
EXP 0.70, 0.71, 0.02, 0.85, 0.95
1.00
IALIWE - 5 DEG
EXP 1.00, 0.93, 0.83, 0.%6, 0.68
EXr 0.66, 0.8, 0.76, 0.43, 0.93
1.490

;ALYWF = 10 DEG

EXp 1.00, 0.9, 0.8¢, e.70, 0.64
EXP 0.62. 0.6, 0.70, 0.40, 0.90
1.3¢
;#+ PCDY DOWNWASN ON VERTICAL TAIL RAP *»+
::CONSTIN iMAF ARSUMENT:LOOE UP M UTINE
EPSPL NN ;INPUT VARIABLE
EPSPIN ;OUTPUT VARIABLE
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TABLE B-1. §-76A SPECIFIC FILE (Cont'd)
;eesese INPUT PARMATERS FOR TAIL ROTOR (#A) =~ (BAILEY) eessee

RTR;:: 4.0 sRADIUS.IT
OMEGTR::168.75 ;TRIM ROTATIONAL RATE,RAD/SEC
BTR:: 4.0 IACTUML NUMBER OF BLADES

PSTR:: 518,046 ;FUSELAGE STATION,IN

WLTR:: 162.879 ;WATERLINE STATION,IN

BLTR:: 20.0 JBUTTLINE STATION,IN (+IVE TO PORT)

TWSTTR::-8.0 ;BLAOE TWIST,DATUM CENTER OF ROTATION,OEG

BIASTR::14.0 ;BLADE PITCH CORRECTIDN FOR N.L.TWIST(NEG REOUCES PITCN)
GAMTR:: 90.0 :TAIL ROTOR CANT ANGLE,OLG

DELITR::45.0 tPLAPPING HINGE OFFSET ANGLE,OEG

OELTTR::. 002 ;RATE OF CHANGE OF CONE ANGLE WITH THRUST,DEG/LBD
CHROTR:: . 540 ;BLADE CHORO,TT

ATR:: 5.713 $SLADE LIFT CURVE SLOPE,1/RAD
BTLTK:: .92 tOLADE TIP LOSS FACTOR
COTR:: 2.0 JTAIL ROTOR MEAD DRAG,FT*e2

;.........7AIL noro. . ’Am:rzls....'..........d.......
IBTR::0.67 ;BLADE MOMENT OF INTERTIA ABOUT NINGE, SLUG=FTe**2
OROOTR.:0.0087 ;BLADE SECTION DRAG CCEFFICIENT, WHERE
OROITR::~0.021€ ;CD = DRDOTR + OROLITR*ALPHA « DRD2TR*ALPRA®*2
DRO2TR::0.4 H

OROTTR::=-1.0 ;COOE FOR OJRECTION OF ROTATION

TAUDTR::0.1 ;DOWNWASH LAG TIME CONSTANT

;esseee ROTUR INTERFERNCE ON TAIL ROTOR (MRPA) weeeee

;** ROTOR X-FACTOR ON TAIL ROTOR KAP s+

EXTRHP: :CONST) ;RAP? ARGURENT:LOOR UP ROUTINE
ERXPINSD ; INPUT VARIABLE
ERXTROD ;OUTPUT VARIABLE
i®* ROTOR Z-FATTOR ON TAIL ROTOR MAP *¢
EZTRMP::CONSTIN iMAP ARGUMENT:LOOR UP ROUTINE
ERIPIOO i INPUT VARIABLE
ERITRN sOUTPUT VARIABLE

jeeesse VERTICAL TAIL INTERFERENCE ON TAIL ROTON INFLOW teeese

VBVTTR::10.0 i AIRSPEED BREAR PT. - WO BLOCKAGE ABOVE,RT,
RBVTITR::.095 i TAIL ROTOR BLOCKAGE COEF. AT NOVER

jeennss INPUT PARAMETERS FOR EQUATIONS OF MOTION (QA) essses
FSCG:: 210.0

WLCG:: 95.4
BLCG:: 0.0

FUSELAGE STATIDN.Or C.G.,INCH
WATERLINE STATION OF C.G.,INCH
BUTILINE STATION OF C.G.,INCN {+1VE TO PORT)

. o oay,

MEIGHT::8750.0 AIRCRAFT GRO5S WEIGAT,LBS.

H
IX:: 2225.0 ; INERTIA ABDUT BOOY X-ARIS, SLUG-FTee2
I¥:: 12500.0 ; INERTIA ABOUT BOOY Y-AX1S,SLUG-FT*e2
I2:: 11041.0 ; INERTIA ABOUT BODY I-AXIS.SLUG-TFT®e2
IX2:: 1294.0 ;i CADSS COUPLING INERTIA,SLUG-TT=s2
I1Y:: 0.¢
I1XY:: 0.0
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S-76A Horizontal Tail Drag Map

Figure B-15.
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APPENDIX C

CH-5JE MODEL DATA

The CH-53E (Figure C-1) is the largest agssault transport halicopter in the
free world., It 4s an extensively modiffed darivative of tha CH-33D Saee
Stallion. 1Ite basic Design Grose Weight is 46,500 pounda, and with intermal
loads ite maximum gross waight ie 69,750 pounds. The main rotor i{s 79 feet in
diameter and featursa asven bladas. Thres Gensral Electric T64-6E-416 turbe.
shaft engines power ths CH-53E. These hava an IRP rating of 4,113 shp sach.
Approximately 400 CH-S53C helicopters hava been produced in two basic variants.
CH-53Es are used as aesault transporte by the U.S. Marine Corps while MH-53Es
are used primarily as asrial mina swespesrs by the U.S. Navy.

The main rotor is of conmventional articulated design with coincident flap and
lag hinges. The hinge offset {a 6.33 percent. Ths Supar Stallion main rotor
bladex aleo employ 5C1095 airfoil eections.

The tail rotor is a four-Lladed unit 20 fest in diameter. It is of conven-
tional eemi-articulated daeign with flapping hinges but no lag hingea. Tha
fixed horizontal tail is mounted to the top of the vertical fin and has an
area of 58 equare feet. Both the vertical fin and tail rotor are canted
20 degrees from the vertical. The tail rotor is a pusher typa, and the
horizontal tafl fe a gull-wing configuration sc most of tha surface is hori-
zontal, even though it ic attached to the canted fin,

The CH-53E GenHel aimulation was already oparational at Sikoraky and has bean
axtansively validated against flight taet data. Since the CH-33E is a haavy
1ift transport, its evaluation in this H/A study vas made at a medium grose
waight of 56,000 pounda and with 105 percent rotor epesd. The up-spesdad
rotor ie used operationally for aome heavy-lift misrf.n.

All of the numerical data used to model the CH-53E are providad in this
appendix. Table C-1 fs a listing of all the input data. Figures C-2 through
C-24 are plots of the map data for fusslage, vertical tail and horizontal tail
astodynamice along with plote of the rotor interference and fusalage interfer-
ance data. The tabular data are provided vith appropriate labelse. Hap dats
are fdantified with GanHel variable names provided in the Liest of Symbola.

For tha CH-53E modal, the panel allocation was as follows:

Hl Porizontal tail
vl Vertical tail
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:.l.l..

FSRR::
WLRR::
BLMR::
RMR::
OMGTHR:
BRR::
ISRR::
ILMR::
DELSRR;
DEL3INR:
FAF1NMR:
KAF2RR;
CHDTRR:
CHODRRR:
OFSTHR:
SPRLMR:
WTBDRR:
IBMR::
MBMR::
BTLMA::
DCDONM: :
NBSRR::
NSSRR::
DELTHO :

TWHRRNP:

EX?

TWHRLO:

:..I..I

KCTRA:
K{MAR:
KSLRR:
TOWORR:
TOWTMH:
TDOWSHR:

e .

:.'!.'.

KBPMR::
KBR_.MR:

ALDMR e
BoLoMR .
CLL=2
DLDm:
RLDA.

TABLE C-1. CH-33E SPECIFIC FiLE

TITLE CES3FK WITH TIP TANKS,EAPS, FLEXIBLE FUSELAGE AND ENGINES

INPUT PARAMETERS FOR MAIN ROTOR MODULES (#A) eeeeee
336.5 ; FUSELAGE STATION,INTHES
259.0 ; WATERLINE STATION,INCHES
0.0 ¢ BUTTLINE STATION,INCHES,(+VE TO PORT)
35.5 i RADIUS.IFT.
+18.732 ; TRIM ROTATIONAL SPEEO (100%)
7.0 § ACTUAL NURBER OF BLADES
-5.0 t+ LONGITUDINAL SHAFT TILT, (POS.BACKWARDS),DEG
0.0 ; LATERAL SLAFT TILT, (POS.STARBOARD),DEG
:=10.0 ; SWASHPLATE PHASZ ANGLE,DEG
:0.0 ¢ FLAPPING HINGE OFFSET ANGLE,DEG.
0.0 ; LAGGING EBINGE OFFSET COEF.{FUNC(LG))
:0.0 ¢ LAGGING HINGE OFFSET COEF.{FUNCILGee2))
:2.42 ; BLADE CRORD AT TIP,FT.
:12.42 ;§ BLADE CHORD AT ROOT,FT.
:2.5043 ; MINGE OFFSET.FT.
:9.13 i BINGE TO START OF BLADE,FT.
:652.0 ¢ WEIGHT OF ONE BLADE,LBS.
$914.0 ; BLADE ROMENT OF INERTIA ABOUT BINGE,SLUG-FTe**2
249.0 § BLADEI MASS ROMENT ABOUT RINGE,SLUG-FTe=2
.97 ¢ BLADE TIPF CUT OFF RATIO
.002 ;i DELTA DRAG COEF. FOR EACH SEGRENT
b ¢ NURBER OF BLADES SINULATED,FIX POINT
S ¢ NURBER OF SEGRENTS SIRULATED,FIX FJINT
:.25 ; MAIN ROTOR TWIST DELTA
; *¢¢ MAIN ROTOR NON-LINEAR TWIST MAP eee
:gve g FMAF ARGUMENT LOOK-UP ROUTINE
XSEGRRES ;INPUT - X FROM CENTER OF ROTATION
TWSTRRER iQUTPUT - TWIST AT BLADE S5"GRENT
TWMRLO JMAP NAME
0.0,1.0,0.0% jLOWER LIMIT,UPPER LIRIT,DELTA
EXF 0.0, 0.0, 0.0, 0.0, 0.0
EXP 0.0, 0.0, -0.098, -0.625, -1.5%3
EXP ~1.5¢2, -3.530, -4,516, -5.508, -6.491
EXP =7.447, -8.242, -8.823, -%.372, -3.830
-10.667

MAIN ROTOR DOWNWASE SUBRCDULE (#A]) oeeeee

TBRUST GAIN FOR UNIFORM DOWNWASH
PITCH.KOR.GAIN FOR DOWNWASH SIN.HARMONIC

ROLL ROR.GAIN FPOR DOWNWASH COS5. HAMMONIC

TIRE CORST.FOR UNIFCRM DOWNWASH FILTEIM,SEC
TINE CONST.FOR DOWNWASH SIN.MARMON FILTER,.SEC.
; TIRE CONST.FOM DOWNWASH COS.MARMON.FILTER_ SEC.

.
(=N =N =N-N=0
« bt 4 e
(= R=-R-R=R=1=]
L)

o
e W M ww We e

FLAPPING/I AGGING DAMPER CALCULATICNS (#C) weeeee

0.0 ; FLAPPING HINGE SPMING CONST.FT-LBS/RAD
:0.0 : FLAPP?ING HINGE DAMPER CONST, FT-LBS5S-SEC/RAD
*+SET OF ROUNTING DIMENSIONS FOR LAG DAMPER,INCHES-*
2.40 DATA WERE REVISED TO MATCH C/MH-SIZ DAMPIMS
27.983 DAMPER RATE 15 FUNCTION OBLY OF LAG RATE

8.83% ALL THIS ON 13 JUNE 1388

i
0.0 ; ALIO INTRODUCZED AIM=SPMING PRE-LCAD (TENSION]}
9.312 ]
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TABLE C-1. CH-53E SPECIFIC FILE (Comnt'd)

LGOONR::10.0
THLONR::0.0

H
H
ILORR;:: 4550.0
SLONR:: 5730.0

H)

ALIGNRENT OFFSET IN RELATION T0 LAG,0ZG
FIXEO RLADE PITCH RELATIONSHIP BET, ARN AND TECUTTP

INTERCEPT OF PRE-LOAD FUNCTION, Lu>
SLOPE OF PRE-LOAD (100 LH/DEG}, LHS/RAD
TENSION PRQOQUCES A NEGATIVE LAG NOTION

; o0 LAG OAMPER FORCE VS OANMPIR ARM RATE ¢0e

LONRRP: :UVSUVSEE
LO.RREE(ALG)
FLO,NROS(ALS)
LDNRLO

exr 0.0,1.0,0.1
LONRE]
gxr 1.0,8.0,1.0

;RAP ARGUMENT ~ LOOK-U? ROUTINE

FINPUT = DAMPER AXIAL VEL IN/SEC
;OUTPUT -~ DAKPER PFORCE LB3

;LOM RANGE RAPF NANE

sLOWER LIMIT,UPPER LIKIT, OLLTA
7HIGH RANGE MAPFP NANE

tLOWER LIWTT,UPPER LINIT,OELLTA

: REVISED PROOUCTION OAMPER OATA INSERTEO 10 FER 1988

LOKALO: EXP 0.0,
EXPr 2500.0,
3900.0

LONRH]1: EXP 13900.0,
EXPr d€00.0,

; LOW KA. _ PMAP
230.0, 500.0, 1140.0, 1800.0
30%0.0, 3600.0, j840.0, 3870.0

;{ BIGR NANGE KAP
4100.0, 4240.0, 4380.0, 4500.0
4670.0, 4700.0

jeveres INPUT PARAMETERS POR FUSEZLAGE/WING (0A) vroenr
jeeeeses POUNTING POINT OF MOOEL IN WIND TUNNEL oersense

FSNF:: 336.4
WiWr:: 1¢€1.4
RLWr:: 0.0
n 0.0

LOPNP: :UVRES
ALFWFOO
Lorene
LQFLO
EXP -15.0,25.90,5.0

LQrLD: EXP -304.5,
exp 42.5,

DOFRAP: :UVRES
ALPWFIS
DQred
DQrLo
eXr -25.0,25.0,.5.0

DQrLo: exp 152.0,
Zxp 62.0,

116.0. 92.00, 12.0,
12.0. 90.00, 116.0, 154.5

PUSELAGE BTATION,IN.

WATERLINE STATION,IN.

RUTTLINE STATION,IN.{(+VE TO PORT)
WING INCIOENCE, OEG.

s me We Ww

$**CN-53E TAIL-OFF TANRKS-ON EAPS-ON BOOY OATA**
{ UPDATEO 4-11-87

;**PUSELAGE LIFT VS ALPEA KAP CH-53E+»*
;UPODATEO WITH SER-1349]1 INFO 8-21-87

TUNIVARIAT®
IWING-' US +NGLE OF ATTACK, INPUT
;FUSELAGE LIFT, FT SQ ,OUTPUT
iNAME OF PRIRARY SET OF MRAPF OATA
FALFA RANGE ANO DELTA ALFA
({PSINT = 0}

-250.7, -177.4, = 94.6%, - 45.3, 0.0
100.0, 172.5, 240.00, 304.5

;**FUSELAGE ORAG VS ALPEA RAP CH-53Zs*

: UPDATE WITH SER-134%1 INFO 8-11-87
JUNIVARIATE
;IN ALFA ¥-T

iALFA RANGE AND DELTA ALFA
;(PSIWNT = 0}

€2.0, $5.0
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TABLE C-1. CH-53E SPEL.FIC FILE (Comt’d)

RQFMP: : UVRES
ALPWEAY
nore e
MCrLY
Xy -25.0,25.0,5.0

nQrLo: Exr -1175.2, -1
Exp »03.0, 1

DLQFPMP::BIV0Y
EXP PSIWFAC ALPWT Y
oLQreg
DLQYLO
EXP -25.0,25.0,5.0,13
EXF -12.0,10.0,10.0

$33PUSELAGE PITCE ACRENT VS ALPEA KAP CH-S3Ee+

;UPCATEO WITE SER-134%1 INFO 8-21-87
JUNIVARIATE
iIN ALTA W-TF

$ALTA RANGE AND OCLTA ALTA
(PSINT « 0)
162.6, -1126.2, - 937.8, - 502.0, 80.0
200.0, 1622.9, 2227.2, 2154.0

;**FUSELAGE LIPT VS PSI RAP CH-5)Les
;UPDATED NITH SER-1343%1 INFQ 8-21-87

;BIVARIATE
;IN PSI AND ALTA

;PSI RANGE WITH QEL PSI ANC 1) POINTS{OCT)
sALTA RANGE WITH DEL ALTA

J{ALF==10}
DLQFLO: EXP =60.4, -49.0, -16.0, -22.8, - 7.4, 0.0
EXP - 6.8, -20.5, =-34.4, -84.4, -=54.7
i (ALY= 0 )
£xp -37.3), =24.0, -12.7, - 5.4, -1.0, 0.0
e 2.0, 3., 2.7, =-2.8, -18.9
;(ALP=s 10}
EXP - 4.7, 1.4, ¢.9, 5.7, T8, 0.0
exXr 15.0, 16.%5, 11.2, 9.5, -7.7
;*SPUSELAGE DRAG VS PSI MAP CH-S5]1Fe¢*
sUPLUATED WITH SER-1349] INFO B--21-87
CDQrNP::BIVEY BIVARIATE
EXF PSIWFML, ALTVWEIY ;IN PSI AND ALTA
oogres
DDQFLO
EXP -25.0,259.0,5.0.1) ;PSS RAANGE,QEL PSI.1) PTS (OCT)
EXP -10.0,10.0.10.0 ;AL A RANGE,DEL AL?T
siALP=-1C)
DDQYLO: EXP 78.1, 7.0, 27.8, 12.5, 1.5, 0.0
£xr 5.3, 11.8, 29 .6, 9.7, 82.0
siALF= 0}
EXP 65.9, 1.4, 2.8, 12,4, 4.2, 0.0
£xr 2.5, 9.0, 20.0, 18.1, 68.2
SUALF= 10
£xr 60.2, 5.7, 18.5, 8.0, 2.5, 0.0
EXr 1.5, 9.5, 20.9, 36.4, 58.7
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DHQEFMP: :RIVY
EXP PSINTN
DHQT Y
DHQILD
l!? ‘25-002
kxr -10.0,1

DRQrLO: Ex»
EXP

Xy
Lxr

EX?
9 ¢ 4

TOPAP: 1 RIVED
EXP PSINPOM
TQred
YQrip
Zxr -25%.0,2
EXr -10.0,1

Yorwp: oxp
[ 44

LXr
[ 44

EX?
EXr

RQPFMP: :RIVIR

LXP PSIWNTHN
RQré¢
RQPLD

EXr -25.0,2

EXer -10.0,1

RQPLO: EXP
EX?

Xy
EXxr

Exr
Kxr

TABLE C-1. CH-53K SPECIFIC FILE (Cont'd)

7**PUSELAGE PITCH MOMENT WITH PSI1 CH-5)Eee
JUPDATED WITH SER-1J4%91 INFD 8-21-47

L IBIVARIATE

JALIVT S 1IN PS1 AND ALFA

$.0,5.0,13 ;P81 RANGE,DEL PS$1,1) PTS (OCT)
0.0,10.0 JALF RANGE,DEL ALT
1 {ALF~=10)
$00.0, S545.0, 460.0, 130S.0, 95%.0, 0.0
110.0, 410.0, 730.0, #70.0, @30.0
t{ALF=s 0 )
420.¢, 255.0, 105.0, 15,0, 5.0, 0.0
5.0, 25.0, 75%.0, 210.0, 420.0
;(ALr=s 10)

3ts.0, 210.0, 11%.0, 45.0, 20.0, 0.0
20.0, 75.9, 1m0.0, 21%.0, 460.0

1**PUSELAGE SIDE PDRCE WITH PS! CR-S5)E*e
JUPDATED MITH SER-13491 IMFO $-23-87
IRIVARIATE

JALPMPAE 1IN PS1 AND ALTA

$.0,5%.0,1) ;PSI RAN ,DEL PSI, 13 PTS(OCT)
0.0,10.0 1ALY RANGE,DEL ALP
1 (ALF=-10)
-124.0, - 91.0, - 58.0, - 0.0, - 11.0, 0.0
13.0, 1.0, 0.0, 86.0, 114.0
1(ALr=s 0 }
-1%2.0, -134.0, -105.0, - 7%.0, - 34.0, 0.0
2%.0, §0.0, 76¢.0, 112.0, 144.0
1{ALTe 10)

-144,0, -157.0, -120.0, - 45.0, - 44.0, 0.0
36.0, 7%.0, 105.0, 1)6.0, 164.0

J**PUSELAGE ROLL MOMENT WITN PS! CH-S)E-*
1*sUPBATED ALF=0 DATA WITH SER 1J)49) INFD

IBIVARIATE
ALINT ;IR PSI AND KLFA

$.0,5.0,1) ;PSS RANGE.DEL ?51.1) PTS(DCT)
0.0,10.0 JALF RANGE,DEL ALT
J(ALP==10}
320.0, 245.0, 100.0, 114.0, 0.0, 0.0
- 30.0, -~ #%.0, -1%%.0, -230.0, -200.3
;(ALF= 0 )
-100.0, -160.0, -200.0, -1%0.0, -150.0, -40.0
0.0, 22%.0, 340.0, 13%.0, 275.0
j(ALF= 10}
-16%.9, -190.0, -*"%.0, - 40.0, - 20.0, 45%.0
11%.0, 17%.0, 4%9%.0, 240.0. 140.0
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TABLE C-1. CH-53E SPECIFIC FILE (Cont'd)

$**FUSELAGE YAW MOMENT WITH PSI CH-S3Zew
$**UPDATED ALF=0 WITH SER-13491 INFO B8-21-87

NQFMP::BIVIE ;BIVARIATE
EXP PSIWFI® ALFWIHY ;IN PSI AND ALTA
. NOréd
NQF.L.O
. EXP -25.0,25.0,5.C,13 ;PSI RANGT,DEL PS5I1.1) PTS{OQCT)
EXP =-10.0,10.0,10.0 +ALF RANGE,DEL ALFA
t(ALF==10)
NQFLO: EXP -1620.0,-1630.0,-1550G.0,-1220.0,- 660.0, 0.0
» EXp 690.0, 1200.0, 1510.0, 1640.0, 16€".0
;(ALFs 0 )
, EXP -1240.0,-1140.0,- 980.0,- 760.0,- 460.0, -100.0
EXP 2710.0, 669.0, 1040.0, 1200.0, 1200.0
t(ALFf= 10}

gx® - 820.0,- 730.0,~ 590.0,- 400.0,- 200.0, 0.0
EXP 200.0, 400.0, 590.2, 770.0, 4850.0

jeeeess ROTOR INTERPERENCE ON THE FUSELAGE (NRPA) #wesss

;**ROTOR DOWNWASH ON FUS. EKXF CH--S)Ees

;**MAP CHANGED TO BRIV AND NEW VALUES INSERTED
;8-21-87. NIW WAKL MAP FROM IBM ANALYSIS> PROGRAM
{UNIFORM DISTEIBUTICN

EXWPKP: :BIVES ;A UNIVARIATE
EXP CHIPMRIA AALFMRE4 IN CHI TIP PATN PLANE
EEXWIIO ;ouTPUT
EXWFLO

gXP 0.0,100.0,10.0,13 WHICH VARIES FROM 0 TO 100 DEG IN STEPS Cr 10
gXp -56.0,.6.0,6.0
, AALFNRs-6 DEG
EXWFLO: BXP 0.22, 0.32, 0.42, 0.52, 0.6), 0.74, 0.856, 0.97, -0.85
EXP -0.85, =0.8%5

; AALFMR=0 DEG
ExP 0.09, 0.19, 0.29, 0.40, O0.49, 0.6), 0.76, 0©0.8%, -0.9
gxp -0.8, -0.8

;i MIFMR=6 DEG
gxp -0.06, o0.04, ©0.15, 0.27, 0.38, 0.50, 0.83, =0.17
EXP -0.9), -0.87, -0.87

;**PCTCR DOWNWASH ON FUS. ERIF CH-53E=*
;**MAP NAS REVISID ON 8-21-87 BASED ON NEW RUNS
) jOF IBM ANALYSIS USING UNIFORM DISTRIBUTTON

EINFNP: :BIVIS IA UNIVARIATE
EXP CNIPHRES,ANALPKRYS ;IN CHI TIP PATH PLANE
ERIWNPS ¢
FIWFLO
- EXP 0.0,100.0,10.0,13 ;PROM 0 TO 100 DEG IN STEPS OF 10

EXP -6.0,6.0,6.0

;i MI1FMR=-¢ DEG
EIWFLD: EXP 1.29, .20, 1.19, 1.18, 1.16, 1.1§
ExP 1.1}, 1.11, ¢.91, 0.71, 0.71

i AMI1FAR=0 DEG
ExP 1.20, 1.22, 1.22, 1.23, 1.2, 1.2}, 1.2}
EXP 1.23, 0.%3, 0.7), 0 73

i AALFHMRe§ DEG
gxp 1.20, 1.22, 1.23, 1.23, 1.27, 1.3%, 1.30
EXP 1.02, 0.90, 0.84, 0.54
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TABLE C-}.

jeesee INDUT PARAMETERS

PSN1:: B79.4
WLMI:: 1302.7
BLREl:: =48.0
SABl:: S8.0
IHl:: 0.0

CLHLINMP: :UVRIS
ALFHH1M
CLELld®
CLHILO
EXP -90.0,90.0,5.0

CH-S3E SPECIFIC FILE (Cout‘d)

POR  HORIZONTAL TAIL Hl wesesensses

PUCELAGE STATION, INCH

WATERLINC STATION, INCH

BUTTLINE STATION, INCH(+VE TO PORT}

SURPACE AREA OF PANEL IP NOT INCLUDE IN MAP
TAIL INCIDINCE,DEG

e ma ma wa we

;**BORIZONTAL TAIL LIPT (CL) MAP CH-S3E»e
;i LIPT UPDATED USING SER-13491 INPO B8-21I-87

;UNIVARIATE POR TAIL ASSENBLY
JIN ALFA HT

;PROM =90 TO 90 DEG IN STERS OF 5 DEG
;INT= 0 DEG

CLHlLO: EXP 0.0 ,-0.11,-0.22,-0.30,-0,32,-0.44,-0.49,-0.54,-0.58

EXP -L.5%,-0.60,-0.59,-0.58,-0.57,-0.60,-0.86,-0.77,-0.41, -0.05
Exep 0.21, 0.48,
EXP 0.58, 0.54,

CDHINMP: :UVRIM
ALPHH1 AW
CDH144#
<DBLLO

EXP -90.0,90.0,5.0

CDH1LO: EXP 1.30, 1.25,
EX? 0.72, 0.64,
Exp 0.07, 0.12,
EXy 0.80, 0.87,

0.83, 0.57, 0.54, 0.56, 0.58, 0.59, 0.59
0.49, 0.44, 0,38, 0.3¢, 0.22, 0.11, 0.0

F**HORIZONTAL TAIL DRAG {€D) MAP CN-53Eee
;UPDATED WITH SER-13491 INPO 8-21-87

jUNIVARIATE POR TAIL ASSEMBLY
;IN ALPA HT

.PROK -90 TO 90 DEG IN STEPS OF > DEG

:INT= 0 DEG
1.20, 1.14, 1.08, 1.01, 0.94, 0.27, 0.80
0.56, 0.48, 0.39, 0.31, 0.22, 0.12, 0.07, 0.05
0.22, 0.31, 0.39, 0,48, 0.56, 0.64, 0.72
0.94, 1.01, 1.08, 1.14, 1.20, 1.25, 1.37

jeescse ROTOR INTERPERENCE ON THE HORIZ TAIL Bl (MRPA) eeese

EXMIMP: :BIVEE
EXP CHIPMRGE , AALFMRED
EFXK148
EXN1LO
gxr 0.0,100.0,10.0,113
EXP -6.0,56.0,6.0

EXHlLO: EXP =0.70, =0.74,

$**ROTOR DOWNWASH ON H.T. ERXHT CH-S5IEer
; UPDATED 8-21-87
;A BIVARIATE

JIN CHITPP AND Al PLAPPING

;WITE CmITPP PROM O TO 170 DEG,DEL 10,13{8)PTS
tAND AAIr FROM -6 TO 6 , DEL & DEG
jAlP=-6 DEG

-0.78, =-0.80, =-0.79, -CG.72

EXr -0.59, =¢.37, 1.55, 1.385, 1.85

EXr -0.64, -0.865, -0.66,

;AlP=0 DEG
-0.65, =-0.82, -0.56

EXP -0.45, =-0.28, -0.06, 0.15, 0,15

Exr -0.48,

xp -0.35, -0.21,

-0.52, -0.52,

iAlr=6 DEG
-0.51, -0.45, =0.42
-0.06, 0.I4, 0.14
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TABLE C-1.

EIHINP::PIVES

. EXP CHIFMROAN ,AALFMRIN
ERZHI®
EIHILD
. £XP C.0,100.0,10.0,113
TAF -6.0,6.0,6.0
EIHILS: EXP .00, 0
EXP 1.18, 1
EXP 0.20, 0
EXP 1.09, 1
EXP 0.18, 0
EXP 0.92, Iy

CRINP: :CONSTH
[9.9)
CHIQWE#Y

EPHIMP: :UVRED

.15,
.11,

.28,

L4,

.29,
.06,

FUSELAGE INTERFERENCE ON HDRIZ TAIL HI

CH-53E SPECIFIC FILE (Cont’'d)

;*eRCTOR DOWL.UASH ON H.T, EKIHT CH-53Ze**
Fe*UPT ATTD §5-01-87

;A BIVARIATE

;IN CHITPP AND 11 FLAPPING

;FOR CHITPP FRDM O TO 100 DEG,DEL 10, 13{8)PTS
;AND Al DF -6,0,5 DEG
tAlFe=6 DEG

0.32, 0.%2, 0.74, 0.97

1.32, 1.148, 1.18
iAlre 0 DEG

0.41, 0.56, 6.71, 0.91

1.27, 1.11, 1.10
AlFe & DES

0.40C, 0.5%%, 0.61, 0.77

1.16, 1.16, 1,18

(WPPA) wonean

J**DYNAMIC PRESSURE RATID AT H,.T. CH-S1Ew"»

A CONSTANT VALUE 1S5 USED
JEQUAL TG 0.9

J**FUSELAGE DDWNWASH DN HDRIZ. TAIL CH-53E#s

;UNIVARIATE

ALFWT#E ;ALFA OEG INPUT
EPSH1 &4 ;EPSILDN DEG GUTPUT
EPHLILD
EXP -30.0,30.0,5.C ;ALFA RANGE AND DEL ALFA
;BDCr DDWHWASH DN HORIZDNTAL TAIL
EP“1LD: EXP 0.0, -6.5, -%.6, -4.7, -1.8, -2.9, -2.0
Exy -1.1, -0.2, 0.7, 1.6, 0.0, 0.0

SCHINP: :CONSTHO®
' SIGViNe
SICHLNG

-

;**FUSELAGE SIDIWASHE ON HORIZ, TAIL CH-5GIEss

iA VALUY IS USED WHICH IS
;EQUAL TO THE VERTICAL TAIL
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TABLE C-1. CH-53E SPECIFIC FILX (Cont’d)

jreeess INPUT PARANETERS FOR VERTICAL TAIL V1 (A)

FSVi:: 861.2
WLV1:: 247.0
BLVl:: 0.0

FUSELAGE STATION, INCH
WATERLINE 5TITIDN, INCH

IVl:: z TAIL INCIDENCE,DEG

BUTTLINE STATION,INCH{+VE TO PORT)

F ROT INCLUDE IN MAP .

S DEG L.E. RIGHT IS INHERENT IN W.T. DATA
*+VERTICAL TAIL LIFT {CLVT) MAP CH-53E®»

H
Savi::  74.0 } SURFACE AREA OF PANEL I
H
H
H

JLIFT UPDATED PER SER 13

CLVINP::UVRIN

491 INFO 8-21-87

BETVVIeE }IN SETA {~PSI WT)
CLvies
CLVILG
EXP -90.0,90.0,5.0 :FROM -90 TO 90 IN STEPS OF 5 OLG

;IVT= 5 DEG

cLviLp: £x¢ 0.0 ,-0.13,-0.22,-0.30,-0.37,-0.43,-0.49,-0.53,-0.56
rxp -0.59,-0.60,-0.61,-0.61,-0.66,-0.8%,-0.77,-0.61,-0.43,-0.27

ex? -0.11, 0.05, 0.22, 0.318, 0.54, 0.70,
Ex? 0.60, 0.55, 0.50, 0.44, 0.38, 0.31,

0.89, 0.79, 0.65
0.23, 0.13, 0.0

$**VERTICAL TAIL DRAG (CDVT) MAP CH-51E=*

{ DRAG UPDATED PER SER 11

491 INFD 5-21-87

COVIMP::UVRIS JUNIVARIATE FDR TAIL ASSEMBLY (CD;
BETVVie sIN BETA (-PSI WT)
coviag
CovIiLD

Lxr -90.0,90.0,5.0 :FRDM -%0 TD 90 IN STEPS OF 5 DEG

CDVILD: EXP 1-30- 1-19. 1-100 1-01: 0-931 e-"o
EXP 0.5, 0.47, 0.40, 0.34, 0.29, 0.24,
Exp 0.09, 0.10, 0.10, 0.11, 0.12, 0.15,
EXp 0.36, 0.45, 0.55, 0.66, 0.80, 0.93,

i1vTs 5 DEG
0.76, 0.69, 0.61
0.20, 0.16, 0.14, 0.11
0.18, 0.2}, 0.29
1.05, 1.18, 1.30

jeseste ROTOR INTERFERENCE ON TRE VERTICAL TAIL H1 (MRPA) #¢e

1**RDTCR DOWNWASH DN V.T.
jUPDATED 8-21-87

EXVINP::BIVIS
EXP CRIZHMROG . AALFARES
EEXVied
EXVILO
EXr 0.0,100.0.10.0,13
EXP -6.0,6.0,6.0

iALFw--6
EXviLD: exp -0.70, -0.77, -0.88, -0.93, 1.15,
EXP 1.62, 1.52, 0.58, :..0, 0.0

iALF=0 DI3
=xp -0.65, -0.88, -0.94, -0.%8, -0.97,
exp -0.78, =-0.51. 2.84, 1.8¢0, 1.80

;ALT = § DEG

exp -0.73, -0.75, -0.77, =-0.77, -0.73,
EXP -0.55, -0.38, -0.15, 1.10, 1.10
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TABLE C-1. CH-53E SPECIFIC FILE (Cont’'d)

7**ROTOR DOWNWASH ON V.T. ERIVT CH-53E+**
jUPDATED B8-21-87

EIVIMP::BIVIS
EXP CHIPMREG,AALIFEROY
EXZIViee
EIVILO

kx: 0.0, 190.0, 10.0, 13

EXp -6.0, 6.0, 6.0

JALE = -6
EIVILOD:: Exp -0.26, =-0.07, 0.12, 0.40, 2.65, 2.33, 2.00
EXP 1.45, 0.64, 0.0, 0.0

;ALT=0 DEG
Ex. =0.10, 0.08, ©.26, 0.48, 0.72, 0©0.97, 1l..1
EXP 1.37, 1.80, 0.5%0, © %0
;ALY = & DEG
v 0.12, 0.27, 0.42, 0.58, 0.76, 0.95, 1.l4
ExP 1.2%, 1.32, 1.18, 1.138
;eeesss FUSELAGE INTERTFERINCE ON VERTICAL TAIL H1l (MFPA) wen

j**DYNAMIC PRESSURE RATIO AT V.T. CH-53Le*

QVI1AP::TINSTE ;A CONSTANT VALUL IS USED
[C.9] ;EQUAL TO 0.9 REV 6-15-79
QVIQWrae

1**FUSELAGE DOWNWASH ON VERTICAL TAIL CH-S1Ce**

EPVIAP: :CONSTH? ;A VALUE 15 USED WHICHR IS
EPSH1G ;EQUAL TO THE HORIZIONTAL TAIL
EPSV1Ne

;**TUSELAGE SIDEWASH ON VERTICAL TAIL CH-53E+**

SGVIRP: :CONSTHN tA CONSTANT VALUL 1S USED (SG=SIGMA)
[+1.00) ;EQUAL TO +1,00 REV 8-11-87
SI1GViaee
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TABLE C-1. CH-53E SPECIFIC FILE (Cont'd)

pesesee INPUT PARAMETERS FOR TAIL ROTOR {#A) - (BAILEY) weeees

RTR:: 10.0 RADIUS, FT
OMEGTR:: 73.205 ;TRIN ROTATIONAL RATE,RAD/SEC @ 100% MAIN ROTOR SPEEQ
BTR:: 4.0 tACTUAL NUNBZR OF BLADES

FSTR:: 930.7 ;FUSELAGE STATION, IN

WLTR:: 289.9 IWATERLINE STATION ,IN

BLTR:; 80.36 ;;BUTTLINE BTATION,IN{+VE TO PORT)

TNSTTR:: -8.0 {BLADE TWIST,DATUM CENTER OF ROTATION,OEG

BIASTR:: 0.0 tBLADE PITCH CORRECTION, N.L.TWIST (NEG REOUCES PITCH)
GAKTR:: 70.0 {1 TAIL ROTOR CANT ANGLE,DEG

OEL3TR:: 45.0 ;FLAPPING RINGE OFFSET ANGLE,DEG

DELTTR::0.0005 ;AATE OF CHANGE OF CONE ANGLT WITH THRUST,DEG/LB
CHROTR::1.283 :BLADE CHORO,IFT

ATR:: 5.73 ;BLADE LIFT CURVE SLOPL,]l/KAD
BTLTR:: 0.52 ;BLADE TIP LOSS FACTOR
COTR:: 2.0 ;TAIL ROTOR HEAD ORAG,FT*¢2
:TOR TRB
IBTR:: 38.22 ;BLADE MOMENT OF INERTIA ABOUT RINGE,SLUG-FTee¢2

ORQOTR:: 0.0087 ;BLADE SECTION ORAG COEFFICIENT, WHERE
ORO1TR::-0.0216 ;CD=ORDOTR+OROLITR*ALFA+DROZTR*ALFA**2
ORD2TR:: 1.425 :1.1B7 FOR 100% NR CH-53E

OROTTR:: =1.0 tOIRECTION OF ROTATICN, (-)aUPPER TIP AFT

;FOR TRCFAL.MAC
IRTR:: 183.43 ;FOR DRIVE LOSS

; TOR DOWNWASH LAG
TAUDTR::0.01038 ; TINE CONSTANT SARE AS MAIN ROTOR

je**ees MAIN ROTOR INTERFERENCE ON THL TAIL ROTOR (MRPA) ¢ssese

i**AAIN ROTOR DOWNWASE ON TR EKXTR CH=-53Ee+
;**UPOATED B8-21-87

IXTRAEP: :BIVEY
EXP CRIPMROO,AAITHRANS
ERXTR$4
EXTRLO
EXp 0.0, 100.0,10.0,13
EXP -6.0,6.0,6.0

;ALY = -6
EXTRLO: Exp =-0.48, -0.53, -0.58, -0.62, -0.63, =-0.61, -0.52
EXP -0.34, 2.5%9, 1.85, 1.85

JALF = 0
EXp -0.46, ~-0.50, -0.54, -0.56, -0.56, =0.%4, -0.47
EXP -0.34, ~0.15, 0.03, 0.03

iALE = &

EXP -0.43, -0.45, -0.47, -0.48, -0.48, =0.46, -0.41
Exr -0.32, =-0.17, 0.03, 0.03
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TABLE C-1. CH-53E SPECIFIC FILE (Cont’d)

1**MFIN ROTOR OOWNWASH ON TR ERITR CH-53Le*
;UPCATEO 8-21-87
EITRMP::SIveé

v EXP CHIPMRE#,AALFMRES
EFZTRe$
* EITRLO

Exp 0.0,190.0,10.0,13
EXP -6.0,6.0,6.0

;ALY= -6
) E2ZTRLO: EXP 0.0, 0.09, 0.22, 0.38, 0.57. 0.80, ).02

EXP 1.16, 1.14, 0.90, 0.90

iALF =
EXp 0.0, ©0.14, 0.25, ©.38, 0.54, 0,73, 0.92
EXP 1.10, 1.14, 0.35, (.95

;ALF= 6 CEG
Exp 0.0, 0.17, 0.26, 0.37, 0.49, 0.64, 0.80
EXP 0.97, 1.10, 0.98, D0.98

jeessde FUSELAGE INTERFERENCE ON TAIL ROTOR (WFPA) weeees

;4*DYNAMIC PRESSURE RATIO AT T.R. CH-GS1E=e

QTRMP: :CONSTH# ;A VALUE IS USEQ WHICH 15
Quigwres JEQUAL TO THE VERTICAL TAIL
QTROWT &S

;**FUSELACE OQOWNWASH ON TAIL ROTOR CH-SIE**

EPTRMP: :CONSTHS ;A VALUE 15 USEOQ WHICH IS
EPSViee SEQUAL T0 THE VERTICAL TAIL
EPSTR&E

;**FUSELAGE SIDEWASH ON TAIL ROTOR CH-53E=e

SCTRMF : :CONST ;A VALUE [S5 USZID wWHich i»
SIGV1es sEQUAL T2 THE VERTICAL TAIL
SIGTRES

;rdeece VERTICAL TAIL INTERFERENCE ON TAIL ROTOR INFLOW eeveee

' VBVTTR:: 40.0 ;7 AIRSPEZD _™"AK PT. - NO BLOCKAGE ABOVE,KT.
KBVITR:: (0.662 i TATL ROTOR BLOCKAGE COELFr. AT HOVLR

227




jresass INPUT ZARAMETERS FOR EQUATIONS OF MOTION (8A) weeren

FSCG:: 355.0
WLCG:: 162.13
BLCG:: 0.0

WEIGET:: 46000.0

TABLE C-1.

CH-53E SPECIFIC FILX (Cont’d)

FUSELAGE STATION,OF C.G.,INCH
WATERLINE STATION OF C.G.,INCH
BUTTLINE STATION OF C.G.,INCH(4VE TO POAT)

- we me

AIRCRAFT GROSS WEIGHT,LBS.

H
IX:: 60539.0 3 INERTIA ABOUT BODY X-AXIS,SLUG=FT#*#2
IY:: 296694.0 i INERTIA ABOUT BODY Y AXIS,SLUG-FT#e2
I12:: 275834,0 7 INERTIA ABOUT BODY I AXIS,SLUG-FTee2
IXZ:: 23343.0 ;7 CROSS COUPLING INERTIA,SLUG-FT##*2
IXY:: 0.0
I¥Z:: 0.0

jrreets INPUT PARANETERS TON NOASE (dA; nteees

*% NO

AlSUL:: 10.2
AlSLL:: -9.8
BlSuL:: I8.0
BlSLL:: -8.0
TROUL::22.047
THOLL::4.447

THRUL:: 24.0
THRLL::~10.0
XAUL:: 9.25
XALL:: 0.0
XIBUL:: B.956
XBLL:: 0.0
XCUL:: 11.0
XCLL:: 0.0

XPUL:: 4.173
XPLL:: 0.0

e We W We

H

-

S Me wy ma Wy W e my

MIXING AND NO PBA *+

AlS UPPER LINIT,RIG COLL AND PED
AlS LOWER LINIT

BlS UPPEN LIMIT,RIG COLL AND PED

BlS LOWER LIANIT

; THETAO UPPER LINIT.THETA.75U = 14.6
TAETAO LOWER LINIT,TRETA,.75L = -3.0
THETTA UPPER LIMIT, RIG COLL

THETTN LOWER LINIT, RIG COLL

LIMIT
LINIT
LINIT,
LINIT
LINIT, WITB INACTIVZ 1 INCE
LINIT

NO OVERTRAVEL

LAT STICX
LAT STICK
LONG STCR
LONG STCR
COLL ETCKR UPPER
COLL STCK LOWER
PIDAL UPPER LINMIT,
PEDAL LOWEN LIMIT

UPPER
LOWER
UPPER
LOWER

PBA CENTERED (0 AT 120 RN)
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